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Officers  of  the  Ithaca  and  Neto  York  Meetings. 


PRESIDENT. 

W.  H.  "Welch,  Johns  Hopkins  University,  Baltimore,  Md, 

VICE-PRESIDENTS. 

A.  Mathematics   and   Astronomy — Edward    Kasner,  Columbia   Uni- 

versity, New  York,  N.  Y. 

B.  Physics. — W.   C.   Sabine,  Harvard   University,  Cambridge,   Mass. 

C.  Chemistry — Clifford    Richardson,  122    E.    34th  St.,  New  York, 

N.  Y. 

D.  Mechanical  Science     and     Engineering — W.   R.     Warner,     1722 

Euclid  Ave.,   Cleveland,   Ohio. 

E.  Geology  and   Geography — A.  C.    Lane,  State    Geologist,    Lansing, 

Mich. 

F.  Zoology — E.  G.  Coxklin,  L'niversity  of  Pennsylvania,  Philadelphia, 

Pa. 

G.  Botany — D.    T.    MacDougal,  Carnegie    Institution,    Washington, 

D.  C. 

H.  Anthropology — Hugo  Munsterberg,  Harvard  University,  Cam- 
bridge, Mass. 

I.  Social  and  Economic  Science — Chas.  A.  Conant,  Morton  Trust 
Co.,  New  York,  N.  Y. 

K.  Physiology  and  Experimental  Medicine — Simon  Flexner,  Rocke- 
feller Institute,  New  York,   N.  Y. 

PERMANENT  SECRETARY. 

L.   O.   Howard,  Cosinos   Ckib,  Washington,  D.  C. 

GENERAL  SECRETARY. 

John  F.  Havford,  U.  S.  Coa?t  and  Geodetic  Survey,  Washington,  D.  C. 

SECRETARY  OF  THE  COUNCIL. 

F.  W.  McNair,  Michigan  School  of  Mines,  Houghton,  Mich. 

(.0 


OFFICERS    OF    THE   ITHACA    AND    NEW    YORK    MEETINGS. 

SECRETARIES  OF  THE  SECTIONS. 

A.  Mathematics   and   Astronomy — L.  G.  Weld,  University  of   Iowa, 

Iowa  City,  Iowa. 

B.  Physics — Dayton  C.  Miller,  Case  School,  Cleveland,  Ohio. 

C.  Chemistry — Charles  L.  Parsons,  New  Hampshire  College,  Dur- 

ham, X.  H. 

D.  Mechanical    Science    and    Engineering — Wm.  T.  Magruder,  Ohio 

State  University,  Cohimbus,  Ohio. 

E.  Geology   and   Geography — Edmund  O.  Hovey,  American   Museum 

of  Natural  History,  New  York,  N.  Y. 

F.  Zoology — C.    JuDSON    Herrick,   Denison    University,    Granville, 

Ohio. 

G.  Botany — Francis  E.   Lloyd,  Department  of  Botanical  Research 

of  the  Carnegie  Institution  of  Washington,  Tucson,  Arizona. 
H.    Anthropology — George  H.  Pepper,  American  Museum  of  Natural 

History,  New  York,  N.  Y. 
I.      Social    and    Economic    Science — John  Franklin  Crowell,  The 

Wall  Street  Journal,  New  York,  N.  Y. 
K.    Physiology   and   Experimental   Medicine — Wm.  J.  Gies,   Columbia 

University,  New  York,  N.  Y. 

TREASURER. 

R.  S.  Woodward,  Carnegie   Institution.  Washington,  D.   C. 
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Members  of  Council  of  the  Ithaca  and  Neu3  York 

Meetings. 


Past  PrcsiJciiis. — Simox  Newcomb,  "Washington;  George  F. 
Barker.  Philadelphia;  George  J.  Brush,  New  Haven;  C.  A.  Young, 
Princeton;  Edward  S.  Morse.  Salem;  T.  C.  ]\Iexdexhall,  Worcester; 
George  L.  Goodale,  Cambridge:  Edavard  W.  Morley,  Cleveland; 
Theodore  Gill,  Washington;  Wolcott  Gibbs,  Newport;  F.  W. 
PuTMAX,  Cambridge;  G.  K.  Gilbert,  Washington;  R.  S.  Woodward, 
Washington;  C.  S.  Mixot,  Boston;  Asaph  Hall.  South  Norfolk;  Ira 
Remsex,  Baltimore;  Carroll  D.  Wright.  Washington,  W.  G.  Far- 
low,    Cambridge;  C.    M.   Woodward,    St.    Louis. 

Vice-Presidents  of  the  Philadelphia  Meeting. — Alexaxder  Ziwet, 
Ann  Arbor;  Wm.  F.  Magie,  Princeton;  Leoxard  P.  Kixxicutt, 
Worcester;  David  S.  Jacobus.  Hoboken ;  Eugene  A.  Smith,  Uni- 
versity; C.  Hart  Merriam,  Washington;  B.  L.  Robixson,  Cam- 
bridge; Walter  Hough,  Washington;  Martin  A.  Kxapp,  Washington  ; 
H.    p.   Bowditch,  Cambridge. 

Vice-Presidents  of  the  Xeiv  Orleans  Electing. — W.  S.  Eichel- 
berger,  Washington;  Henry  Crew,  Evanston;  C.  F.  Mabery, 
Cleveland;  F.  W.  McNair,  Houghton;  W.  North  Rice,  Middletown; 
H.  B.  Ward,  Lincoln;  Erwin  F.  Smith,  Washington;  Geo.  Grant 
MacCurdv,  New  Haven;  Irving  Fisher,  New  Haven;  W.  T.  Sedg- 
wick, Boston. 

Officers  for  the  Ithaca  and  New  York  ^leetings. — W.  H.Welch,  Balti- 
more; Edward  Kasner,  New  York;  W.C.  Sabine,  Cambridge;  Clifford 
Richardson,  New  York;  W.  R.  Warner.  Cleveland;  A.  C.  Lane,  Lan- 
sing; E.  G.  CoxKLix,  Philadelphia;  D.  T.  MacDougal;  Washington; 
Hugo  Muxsterberg.  Cambridge;  Chas.  A.  Coxaxt,  New  York;  Simon 
Flexxer,  New  York;  L.  O.  Howard.  Washington;  Johx  F.  Hay- 
ford,  Washington;  F.  W.  McNair,  Houghton;  L.  G.  Weld,  Iowa 
City;  Daytox  C.  Miller,  Cleveland;  Charles  L.  Parsoxs,  Durham; 
Wm.  T.  Magruder,  Columbus;  Edmuxd  O.  Hovey,  New  York;  C. 
JuDSOX  Herrick,  Granville;  Francis  E.  Lloyd,  Tucson;  George 
H.  Pepper,  New  York;  Johx  Fraxklix  Crowell,  New  York;  Wm. 
J.  Gies,  New  York;  R.  S.  Woodward,  Washington. 

From  the  Association  at  Large. — To  hold  over  until  successors 
are  elected,  a  Fellow  from  each  Section:  J.  R.  East.max,  Andover; 
Henry  Crew,  Evanston;  Jas.  Lewis  Howe,  Lexington;  F.  W. 
McNair,  Houghton;  L.  C.  Glexxy,  Nashville:  C.  B.  Davexport, 
Cold  Spring  Harbor;  D.  T.  MacDougal,  New  York;  C.  B.  Moore, 
Philadelphia;  Marcus  Benjamin,  Washington:  R  H.  Chittenden, 
New   Haven. 

Elected  by  the  Council.— -{For  one  year)  Franz  Boas,  E.  L.  Nichols. 
W.  F.  Wilcox;  ("for  two  years)  Edgar  F.  S.mith,  H.  B.  Ward,  Wm, 
Trelease;  (for  three  years)  J  McK.  Cattell,  J.  M.  Coulter,  H.  F. 
Osborn. 

From  the  Affiliated  Societies. — American  Chemical  Society: 
Arthur  A.  Noyes,  Wm.  A.  Notes;  Geological  Society  of  America: 
N.  H.  Winchell,  H.  L.  Fairchild;  Botanical  Society  of  America: 
Arthur  Hollick,  H.  M.  Richards:  Society  for  the  Promotion  of 
Agricultural  Science:  W.  R.  Lazenby;  American  Microscopical 
Society:  T.  J.  Burrill,  Henry  B.  Ward:  American  Psychological 
Association:  J.  McK.  Cattell;  American  Society  of  Naturalists: 
Wm.  Trelease,  E.  L.  Mark;  Association  of  Economic  Entomologists: 
H.  E.  Summers,  E.  A.  Schwarz;  American  Anthropological  Associa- 
tion: W.  H.  Holmes,  Franz  Boas:  Astronomical  and  Astrophysical 
Society  of  America:  C.  L.  Doolittle,  W.  S.  Eichelberger;  American 
Physical  Society:  A.  G.  Webster.  Ernest  Merritt;  Society  of 
American  Bacteriologists:  W.  H.  Welch;  Association  of  American 
Anatomists:  Simon  H.  Gage;  Society  for  Horticultural  Science:  W. 
M.  Munson. 
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Local  Committee  of  the  Ithaca  Meeting. 


Honorary  Presidents. 
Jacob  Gould  Schurman.  Andrew  Dickson  White. 

Chairman. 
\  Edward  L.  Nichols. 

Secretary. 

WiLLARD    W.     ROWLEE. 

Committee  on  Hotels  and  Accommodations. 
Abram  W.  Kerr,  Chairman.  J.  H.  Comstock. 

Robert  H.  Treman.  R.  A.  Pearson. 

Ernest  W.  Huffcut.  Ernest  Blaker. 

V.  A.  Moore. 

Committee  on  Excursions. 
George  F.  Atkinson,  Chairman.  G.  D.  Harris. 
J.  H.  Comstock.  A.  W.  Kerr. 

Charles  L.  Crandall.  B.  S.  Cushman. 

John  Craig.  H.  D.  Reed. 

Committee  on  Transportation. 
R.  C.  Carpenter,  Chairman.  F.  W.  PhilHps. 

Paul  S.  Millspaugh. 

Committee  on  Finance. 
H.  S.  Williams,  Chairman.  John  S.  Shearer. 

T.  H.  Tanner,  Charles  E.  Treman. 

D.  F.  Hoy. 

Committee  on  Places  of  Meeting. 
Frederick  Bedell,  Chairman.  Benjamin  F.  Kinpsburv. 

W.  W.  Rowlee.  H.  H.  Norris. 

J.  W.  Jenks.  E.  M.  Chamot. 

Geo.  P.  Bristol,  E.  Blaker. 

G.  S.  Moler.  M.  Dresbach. 

Committee  on  Entertainment  of  Visiting  Ladies. 

Anna  B.  Comstock,  Chairman.  Mrs.  W.  A.  Riley. 

Mrs.  G.  F.  Atkinson.  Mrs.  W.  W.  Rowlee. 

Mrs.  F.  Bedell.  Mrs.  R.  H.  Treman. 

Mrs.  W.  D.  Bancroft.  Mrs.  H.  A.  St.  John. 

Mrs.  S.  H.  Gage.  H.  S.  Williams. 

Mrs.  C.  L.  Crandall.  Mrs.  A.  W.  Smith. 

Mrs.  E.  L.  Nichols.  Miss  Martha    Van  Rensselaer. 

Members. 

George  F.  Atkinson.  Charles  P.  Beaman. 

Hon.  Bradford  Almy.  Fred  A.  Barnes. 

Liberty  H.  Bailey.  F.  C.  Barr. 

Eugene  Baker.  Frederick  Bedell. 

Wilder  D.  Bancroft.  Charles  M.  Benjamin. 

William  H.  Barnard  Isaac  M.  Bcntley. 
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LOCAL    COMMITTEE    OF    THE    ITHACA   MEETING. 


H.  Burr  Bcsemer. 
Chaiincey  P.  Biggs. 
Ernest  Blakcr. 
Charles  H.  Blood 
R.  D.  Bo\mton. 
Geo.  P.  Bristol. 
D.  W.  Burdick. 
F.  M.  Bush. 
Rolla  C.  Carpenter. 
George  W.  Cavanaugh. 
Emile  M.  Chamont. 
Irving  P.  Church. 
J.  M."^Clapp. 

F.  A.  Cobb. 

John  H.  Comstock. 
Charles  E.  Cornell. 
Franklin    C.  Cornell. 
Luzerne  Coville. 
John  Craig. 
Charles  L.  Crandall. 

G.  B.  Davis. 

D.  M.  Dean. 
Louis  M.  Dennis. 
M.  Dresbach. 
Herman  Diedericks. 
Frank  A.  Fetter 
Elmer  O.  Fippen 
Pierre  A.  Fish. 
Geo.  Frost. 

Louis  A.  Fuertes. 
William  B.  Fite. 
Simon  H.  Gage. 
Chas.  W.  Gay 

E.  A.  George. 
Adam  C.  Gill. 

Wm.  R.  Gtmderman. 
Samuel  D.  Halliday. 
Charles  F.  Harding. 
Geo.  W.  Harris. 
Gilbert  D.  Harris. 
C.  W.  Heizer. 
Howard  D.  Hess. 
Herbert  W.  Hibbard. 
Grant  S.  Hopkins. 
David  F.  Hoy. 
C.  G.  Hoyt 
A.  M.  Hull. 
Thomas  S.  Hunt. 
W.  H.  Hutchinson. 
Henry  S.  Jacoby. 
Jeremiah  W.  Jenks. 
Oscar  A.  Johannsen. 
Geo.  W.  Jones. 
R.  T.  Jones. 
Vladimir  Karapetofif. 
Abram  W.  Kerr'. 
Dexter  S.  Kimball. 
Benjamin  F.  Kingsbury,. 
John  S.  Kirkendall. 


George  N.  Lauman. 
James  Low. 
Duncan  C.  Lee. 
G.  W.  Livermore. 
Henry  B.  Lord. 
Elmer  J.  McCaustland. 
George  R.  McDermott. 
Ernest  Merritt. 
George  W.  Miller. 
James  McMahon. 
Paul  S.  Millspaugh. 
Veranus  A.  Moore. 
George  S.  Moler. 
Jared  T.  Newman. 
Edward  L.  Nichols. 
Henry  H.  Norri?. 
Henry  N.  Ogden. 
Raymond  A.  Pearson. 
Fred  W.  Phillips. 
A.  H.  Platts._ 
George  E.  Priest. 
Walter  Rautenstrauch. 
James  E.  Rice. 
F.  M.  Rites. 
Jacob  Rothschild. 
Willard  W.  Rowlee. 
Henry  A.  St.  John. 
Ernest  W.  Schoder. 
John  S.  Shearer. 
Mark  V.  Slingerland. 
Albert  W.  Smith. 
Wm.  Hazlett  Smith. 
Edwin  C.  Stewart. 
Virgil  Snyder. 
John  L.  Stone 
William  H.  Storms. 
Ralph  S.  Tarr. 
John  H.  Tanner, 
tarl  C.  Thomas 
Edward  B.  Tichener. 
J.  B.  Todd. 
M.  M.  Tompkins. 
Charles  E.  Treman. 
Robert  H.  Treman 
Joseph  E.  Trevor. 
Ebenezer  T.  Turner. 
Mjmderse  Van  Cleef . 
Leroy  H.  Van  Kirk. 
Lucien  A.  Wait. 
E.  H.  Wanzer 
Burt  G.  Wilder. 
Walter  F.  Wilcox. 
Emmons  L.  Williams. 
George  B.  Williams. 
Henry  Shaler  Williams. 
Roger  V.  Williams 
Walter  L.  Williams. 
Henry  H.  Wing. 
Edward  G.  Wyckoff 
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Local   Executive  Committee  of  the  New  York  Meeting. 

I  i,  T'  *1  Chairman. 

J.  J.  Stevenson. 

C.  C.  Adams,  Wm.  Hallock, 

Charles  Baskerville,  Alex.  C.  Hu.mphreys, 

Franz  Boas,  G.  S.  Huntington, 

N.  L.  Britton,  Edward  Kasner, 

H.  C.  BuMPUs,  Henry  F.  Osborn, 

Chas.  a.  Conant,  C.  L.  Poor, 

Simon  Flexner,  Clifford  Richardson, 

Wm.  J.  GiES,  E.  B.  Wilson, 
Frederick  J.  E.  Woodbridge. 

Secretary. 
J.  ]\IcKeen  Cattell. 

The  full  Local  Committee  consists  of  all  Members  and  Fellows  of  the 
Association  residing  in  New  York  and  within  a  radius  of  fifty  miles  of 
the  citj'. 
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special  Cornrnittees  of  the  Association. 


r .    ^4  uditors. 
Emory  McClintock,  Morristown,  and  T.  N.   Gin.,  Washington. 

2.    Committee  on   Indexing  Chemical   Literature.] 
Jas.   Lewis    Howe.   Chairman,   F.    W.   Clarke,    H.    W.   Wiley, 
Alfred  Tcckerman, . 


3.    Committee  on  the  Policy  of  the  Association. 
R.  S.  Woodward,  Chairman,  The  President,  The  Permanent 
Secretary,    The    Treasurer,    C.    S.    Minot,    H.    L.    Fairchild, 
J.    McK.   Cattell. 

4.    Committee  on  Standards  of  Measiireinents. 
T.  C.  Mendenhall,  Chairman,  E.  W.  Morley,  E.   L.  Nichols, 
R.    S.   Woodward,    H.    .S.    Carhart.     With  power  to   add    to   its 
number. 

5.    Committee  on  the  Association   Library 
F.    W.    Clarke,    Chairman,    A.    W.    Butler,    W.     L.     Dudley, 
Thomas   French,  Jr. 

6.     Committee  on   Anthropometric   Measurements. 
J.  McK.  Cattell,  W.  W.   Newell,  W  J  McGee,   Franz   Boas. 
7.    Committee  for  the  Collection  of  Information  Relative  to  Forestry. 
W.    H.  Brewer,  C/jazVma»,  Gifford  Pinchot,  Arnold  Hague, 
8.    Committee  on  the  Quantitative  Study  of  Biological  Variation. 
Franz  Boas,  Chairman,  J.  McK.  Cattell,  C.  S.  Minot,  C.  H. 

ElGENMANN,     C.     B.     DaVENPORT. 

9.    Committee    on    the    Protection    and    Preservation    of    Objects    of 
Archaeological  Interest. 

,  Chairman,  F    W.  Putnam,  N.  H.  Winchell, 

G.   K.   Gilbert,  A.  W.   Butler,  George  A    Dorsey. 

10.    Committee  on  the  Study  of  Blind    Vertebrates. 
Theodore   Gill,   Chairman,   A.   S.    Packard,   C.    O.  Whitman, 
S.  H.  Gage,  H.  C.  Bumpus,  C.  H.  Eigenmann. 

1  All  Committees  are  expected  to  present  lh;ir  reports  to  the  Council  not  later  than  the 
third  day  of  the  meeting.  Committees  sending  their  reports  to  the  permanent  Secretary  one 
mDnth  before  a  mseting  can  have  them  printed  for  use  at  the  meeting. 


SI'LCIAL    COMMITTEES    OF    THE    ASSOCIATION. 

1 1.    Committee  on  the  Teaching  of  Anthropology  in  America. 

W  J  McGee,  Chairman,   G.  G.  MacCurdy,  Franz    Boas,  W.   H. 
Holmes. 

12.    Committee   on   the  Relations  of   the  Journal  "  Science  "  with  the 

Association. 
Simon  Newcomb,  Chairman,  G.  K.  Gilbert,  J.  McK.  Cattell, 
The  President,  The  Permanent  Secretary,  The  Treasurer. 

13.    Committee  on  the  Relations  of  Plants  and  Climate. 

William    Trelease,     Chairman,     D.     T.     MacDougal,    J.     M. 
Coulter. 

14.    Committee  on  the  Atomic  Weight  of  Thorium. 

Charles     Baskerville,    Chairman,    F.     P.     Venable,    James 
Lewis   Howe. 

15.   Committee  on  the  Velocity  of  Light 

W.  S.  Franklin,  Chairman,  E.  F.  Nichols. 

16.   Committee  on  Seismology. 
G.  K.  Gilbert,    Chairman,  Cleveland  Abbe,  L.  A.  Bauer,  C.  E. 
Button,  H.  F.  Reid,  Otto  Klotz,  W.  W.  Campbell,  A.  C.  Lawson, 
R.  S.  Tarr,  L.   M.  Hoskins,  C.  G.   Rockwood,  Jr.,  W.  H.   Hobbs, 
W  J  McGee,  John  F.  Hayford,  T.  A.  Jaggar,  Jr. 

17.   Committee  on  the  Darwin  Memorial. 
H.F.OsBORN,  Chairman,  C.  B.  Davenport,  Secretary,  L.  O.  Howard, 
E.  G.  CoNKLiN,  A.  C.  Lane,  D.  T.  MacDougal,  J.   McK.  Cattell, 
J.  M.  Coulter,  H.  B.  Ward,  F.  Boas. 

18.   Committee  on  the  Bibliography  of  Science. 
J.  McK.  Cattell,  Cltairman,  R.  S.  Woodward,  Jas.  Lewis  Howe, 
Wm.  Trelease,  C.  B.  Davenport. 
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Meetings 

Place 

Date 

Members  in 
attendance 

Number  of 
members 

I 

Philadelphia 

Sept.  20,  1848 

1 

461 

3 

Cambridge 

Aug.   14,  1849 

f 

540 

3 

Charleston 

Mar.  12,  1850 

? 

622 

4 

New  Haven 

Aug.  19,  1850 

9 

704 

5 

Cincinnati 

May      5,  181I 

87 

800 

6 

Albany 

Aug.   19,  1851 

194 

769 

7 

Cleveland 

July    28,  1853 

» 

940 

8 

Washington 

April  26,  1854 

168 

1004 

9 

Providence 

Aug    15,  1855 

166 

605 

lO 

3d  Albany 

Aug.  20,  1856 

381 

722 

II 

Montreal 

Aug.    12,  l8;7 

351 

946 

12 

Baltimore 

April  28,  1858 

190 

963 

J3 

Springfield 

Aug.     3,  1859 

190 

862 

M 

Newport 

Aug.     I,  i860 

135 

644 

15 

Buffalo 

Aug.   15,  i8f6 

79 

637 

i6 

Burlington 

Aug.  21,  1867 

73 

415 

»7 

Chicago 

Aug.     5,  1868 

359 

686 

i8 

Salem 

Aug    18,  i86j 

244 

5" 

19 

Troy 

Aug.  17,  1870 

188 

536 

20 

Indianapolis 

Aug.  16,  1871 

196 

668 

31 

Dubuque 

Aug.  15,  1872 

164 

610 

33 

Portland 

Aug.  20,  1873 

195 

670 

23 

Hartford 

Aug.   12,  1874 

224 

722 

24 

Detroit 

Aug.  II,  1875 

165 

807 

35 

2d  Buffalo 

Aug.  23,  1876 

315 

867 

36 

Nashville 

Aug.  29,  1877 

'73 

953 

37 

St.  Louis 

Aug.  21,  1878 

134 

962 

38 

Saratoga 

Aug.  27,  1879 

256 

1030 

29 

Boston 

Aug.  25,  1880 

997 

1555 

30 

2d  Cincinnati 

Aug.  17,  1881 

500 

1699 

31 

2d  Montreal 

Aug.  23,  1882 

937 

1933 

32 

Minneapolis 

Aug.  15,  1883 

328 

2033 

33 

2d  Philadelphia 

Sept.     3,  1884 

1261* 

1981 

34 

Ann  Arbor 

Aug.  26,  1885 

364 

1956 

35 

3d  Buftalo 

Aug.  18,  i856 

445 

1886 

36 

New  Vork 

Aug.  10,  1887 

729 

1956 

37 

2d  Cleveland 

Aug.  14,  1888 

342 

1964 

38 

Toronto 

Aug.  26,  1889 

424 

1952 

39 

3d  Indianapolis 

Aug.  19,  iSjo 

364 

1944 

40 

2d  Washington 

Aug.  19,  1891 

653t 

30S4 

41 

Rochester 

Aug.  17,  1892 

456 

2037 

42 

Madison 

Aug.  17,  1893 

290 

1939 

43 

Brooklyn 

Aug.  15,  1894 

488 

l803 

*4 

2d  Springfield 

Aug.  28,  1895 

368 

I9I3 

45 

4th  Buffalo 

Aug.  24,  1896 

333 

1890 

46 

2d  Detroit 

Aug.     9,  1897 

283I 

1783 

47 

2d  Boston 

Aug.  22,  189S 

903 

1729 

48 

Columbus 

Aug.  21,  1899 

353 

1 721 

49 

2d  New  York 

June  25,  1900 

434 

1925 

50 

Denver 

Aug.  24,  1901 

3" 

2703 

SI 

Pittsburg 

June  28  to  July  3,  1902 

435 

3473 

52 

3d  Washington 

Dec.  37,  1902,  to  Jan.  2,  1903 

975 

3596 

53 

2d  St.  Louis 

Dec.  28,  )9'3,  to  Jan.  2,  1904 

385 

4075 

54 

3d  Philadelphia 

Dec.  27-31,  1904 

89-) 

4175 

55 

New  Orleans 

Dec.  28,  190S,  to  Jan.  2,  1906 

233 

4357 

S6 

Ithaca 

June  28  to  July  3,  190*. 

23! 

4425 

57 

3d  New  York 

Dec.  37, 19  6,  to  Jan.  s,  1937. 

934 

4498 

*  Including  30:?  Members  of  the  British  Association  and  9  other  foreign  guests. 

t  Including  24  Foreign  Honorary  Members  for  the  meeting. 

j  Including  15  Foreign  Honorary  Members  and  Associates  for  the  meeting. 
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Officers  oP  the  Meetings  of  the  Association. 


[The  number  before  the  name  is  that  of  the  meeting;  the  year  of 
the  meeting  follows  the  name;  the  asterisk  after  a  name  indicates 
that   the   member  is   deceased.] 

PRESIDENTS. 


\  Wm.    B.    Rogers,*    1848.  26.   Simon     Newcomb,     1877. 

1  W.    C.    Redfield,*    1848.  27.    O.  C.  Marsh,*     1878. 

2.  Joseph  Henry.*   1849.  28.    G.     F.    Barker,     1879. 

3.  (A.      D.      Bache,*     March  29.    Lewis    H.    Morgan,*    1880. 
j  meeting,   1850,  in  the  ab-  30.    G.    J.    Brush,    1881. 

4.  -j  sence  of  Joseph  Henry.*  31.   J.    AV.    Dawson,    1882. 
1  August   meeting,    1850.  32.   C.    A.    Young,     1883. 

5.  [May    meeting,     1851.  ^s-   J-    P-    Lesley,*    1884. 

6.  Louis   Agassiz,*   August  34.    H.    A.     Newton,*     1885. 

meeting,    1851.  35.    Edward  S.  Morse,  1886. 

(No    meeting   in    1852.)  36.   S.    P.    Langley,*    1887.        ' 

7.  Benjamin     Pierce,*     1853.  37.   J.    W.    Powell,*    188S. 

8.  James  D.  Dana,*    1854.  38.    T.    C.    Mendenhall,     1889. 

9.  John    Torrey,*     1S55.  39.    G.  Lincoln  Goodale,  1890- 

10.  James   Hall,*    1856.  40.   Albert  B.  Prescott,*  1891. 

fALEXis    Caswell,*    1857,  41.   Joseph  LeConte,*   1892. 

11.  J  in  place  of  J.  W.  Bailey,*  42.   William    Harkness,*  1893. 
)  deceased.    1S58,  in  the  ab-  43-    Daniel  G.  Brinton,*  1894. 

12.  [senceof  Jeffries  Wyman.*  44-  E.    W.    Morley,    1895. 

13.  Stephen  Alexander, *i859.  f  Edward    D.  Cope,*    1896. 

14.  Isaac     Lea,*    i860.  I  Theodore  Gill,  as  senior 

(No  meetings  for  1861-65.)  45.     j  vice-president  acted  after 

15.  F.   A.    P.    Barnard,*    1866.  [the    death  of  Prof.    Cope 

16.  J.    S.    Newberry,*    1867.  cWolcott   Gibbs,  1897,  ab- 

17.  B.     a.     Gould,*     1868.  ^_  sent.  W   J   McGee,  Acting 

18.  J.    W.    Foster,*    1869.  46.     [President. 

19.  T.     Sterry     Hunt,*     1870,  47-  F.    W.    Putnam,    1898. 

in    the  absence    of    Wm.  [Edward     Orton,*     1899. 

Chauvenet.*  Grove  K.  Gilbert,  elect. 

Asa   Gray,*    187 i.  ed   by  the    General    Com- 

J.  Lawrence  Smith,*  1872.  48.    ^  mittee     December,     1899, 
Joseph     Lovering,*     1873.  I  to  fill  the  vacancy  caused 

J.     L.     LeConte,*     1874.  by     the     death     of     Prof- 

J.    E.    Hilgard,*    1875.  I^Orton. 

William  B.  Rogers,*  1876.  49.   R.    S.    Woodward,  1900. 
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OFFICERS    OF    THE    MEETINGS    OF    THE    ASSOCIATION 

50.  C.  S.  MiNOT,   1901.  54.   W.  G.  Farlow,  1905. 

51.  Asaph    Hall,    1902.  55    C.  M.  Woodward,  1906. 

52.  Ira  Remsen,  1903.  56.  W.  H.  Welch,  1906. 

53.  Carroll  D.  Wright,  1904.      57.  W.H.Welch,  1907. 


VICE-PRESIDENTS. 

There  were  no  Vice-Presidents  until  the  iith  meeting;,  when 
there  was  a  single  Vice-President  for  each  meeting.  At  the  24th 
meeting,  the  Association  met  in  Sections  A  and  B,  each  presided 
over  by  a  Vice-President.  At  the  31st  meeting  nine  sections  were 
organized,  each  with  a  Vice-President  as  its  presiding  officer.  In 
1886  Section  G  (Microscopy)  was  given  up.  In  1892,  Section  F 
was  divided  into  F,  Zoology;   G,  Botany. 

1857-1874. 

11.  Alexis    Caswell,*     1857,      17.    Chas.    Whittlesey,*     1868. 

acted  as   President.  18.    Ogden   N.    Rood,    1869. 

12.  John  E.  Holbrook,*  1858,      19.    T.     Sterry     Hunt,*     1870, 

not   present.  acted   as   President. 

13.  Edward  Hitchcock,*  1859.  20.  G.   F.    Barker,    1871. 

14.  B.   A.   Gould,*   i860.  21.  Alex.   Winchell,*   1872. 

15.  B.  A.  Gould,*  1866,  in  the  22.  A.   H.  Worthen,*  1873,  ^o^ 

absence  of  R.  W   Gibbes.  present. 

16.  WOLCOTT    GiBBS,     1867.  23.     C.     S.     LvMAN,*     1874. 

I875-I88I. 


Section  A. — Mathematics,  Phys- 
ics,  and  Chemistry. 

24.  H.   A.   Newton,*   1875. 

25.  C.   A.    Young,    1876. 

26.  R.    H.    Thurston,*    1877, 

in   the   absence   of   E.    C. 
Pickering. 

27.  R.    H.    Thurston,*  1878. 

28.  S.  P.  Langley,*  1879. 

29.  Asaph   Hall,    1880. 

30.  Wm.   Harkness,*  1881,  in 
the  absence  of  A.  M.  Mayer.* 


Section   B. — Natural   His- 
tory. 

24.  J.   W.   Dawson,   1875. 

25.  Edward    S.    Morse,    1876. 

26.  O.   C.   Marsh,*   1877. 

27.  Aug    R.   Grote.   1878. 

28.  J.   W.   Powell,*   1879. 

29.  Alex.   Agassiz,    1880. 

30  Edward  T.  Cox,  1881,  in 
the  absence  of  George 
Engelmann.* 
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Chairmen   of   Subsections,    1875-1881. 


Subsection  of  Chemistry. 

24.  S.    W.  Johnson,    1875. 

25.  G.    F.    Barker,    1S76. 

26.  N.   T.   LuPTON,*   1877. 

27.  F    W.   Clarke,    1878. 

2  8.   F.  W.  Clarke,  1879,  in  the 
absence  of  Ira  Remsen. 

29.  J.    M.   Ordway,    1880. 

30.  G.    C.   Caldwell,    1881,   in 

the    absence    of    W.     R. 

Nichols.* 
Subsection  of  Microscopy. 
25.   R.   H.   Ward,    1876. 
26     R.   H.   Ward,    1877. 
27.   R.  H.  Ward,   1878.  in  the 

absence  of  G.  S.  Blackie.* 


28.  E.    W.   Morley,    1879. 

29.  S    A.    Lattimore,    1880. 

30.  A.    B.    Hervey,   1881. 
Subsection  of  Anthropology. 

24.  Lewis   H.   Morgan,*  1875. 

25.  Lewis    H.    Morgan,*    1876. 

26.  Daniel  Wilson,*   1877,  not 

present. 

27.  United   with   Section    B. 

28.  Daniel  Wilson,*    1879. 

29.  J.    W.   Powell.*   1880. 

30.  Garrick  Mallery,*  1881. 
Subsection  of  Entomology. 

30.  J.   G.    Morris,*   1881. 


Vice-Presidents  of  Sections,    1882- 


Section  A. — Mathematics  and  45. 
Astronomy. 

31.  W.  A.  Rogers,*  1882,  in  the  46 
absence  of  Wm.  Harkness.*47, 

32.  W.  A.  Rogers,*  1883.  48, 
ZZ-  H.  T.  Eddy,  1884.  49, 
34.   Wm.    Harkness,*    18S5,    in   50, 

the   absence  of  J.  M.  Van   51, 
Vleck.  52, 

J.    W.    GiBBS,*    1886. 

J.     R.     Eastman,     1887,    in   53. 
place  of  W.Ferrel,*  res'd.    54, 


35- 
36. 

37- 
38. 
39- 
40. 
41. 
42. 

43- 
44. 


55 


56, 
57. 


Ormond   Stone,    1888. 
R.    S.    Woodward,     i8< 
S.   C.   Chandler,    1890. 
E.  W.  Hyde,  1891. 
J.   R.   Eastman,   1892. 
C.    L.    DooLiTTLE,    1893. 

/  G.    C.   CoMSTOCK,    1894. 

I  Edgar     Frisby,     1894. 
Edgar  Frisby, 1895,  in  place 
of  E.H.HoLDEN,  resigned.    31 

32 


Alex.  Macfarlane,  1896, 
in  place  of  Wm.  E.  Story, 
resigned. 

W.    W.    Beman,    1897. 

E.    E.    Barnard,    1898. 

Alex.    Macfarlane,    1899. 

Asaph    Hall,    Jr.,    1900. 

James  MacMahon,   1901. 

G.   W.    Hough,    1902. 

George  Bruce  Halsted, 
1903. 

O.  H.  Tittmann,  1904. 

Alexander  Ziwet,  1905. 
Alexander  ZiwET,  1906,  in  the 
absence  of   W.  S.    Eichel- 
berger. 

Edward  Kasner,  1906. 

Edward  Kasner,  1907. 


Section     B. — Physics. 

T.   C.   Mendenhall,    1882. 
H.    A.     Rowland,*     1883. 
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officers   of   the   meetings  of   the   association. 
Vice-Presidents   of   Sections,   Continued. 

33.  J.    Trowbridge,    1S84.  44.  Wm.     McMurtrie,     1895. 

34.  S.   P.    Langley,*   1S85,    in     45.  W.   A.    Noyes,    1896. 
place  of  C.F.Brackett,  res'd.   46.  W.  P.  Mason,  1897. 

35.  C.     F.     Brackett,     1886.        47.  Edgar    F.    Smith,    1898. 

36.  W.  A.  Anthony,  1887.              48-  F-    P-    Venable,    1899. 
37    A.  A.  MiCHELSoN,  1888.            49.  Jas.   Lewis   Howe,    1900. 

38.  H.  S.  Carhart,  18S9.  50.  John    H.    Long,    1901. 

39.  Cleveland    Abbe,    1890.        51.  H.   A.   Weber,    1902. 

40.  F.     E.     Nipher,     1891.  52.  Charles    Baskerville, 

41.  B.  F.  Thomas,    1892.  1903. 

42.  E.    L.    Nichols,    1893.  53.  W.    D.    Bancroft,    1904. 

43.  Wm.    a.     Rogers,     1S94.        54.  L.   P.   Kinnicutt,   1905. 

44".   W.LeConte  Stevens,  1895.    55.  L.    P.    Kinnicutt,     1906,    in 

45.  Carl     Leo     Mees,     1896.  absence  of  C.  F    Mabery. 

46.  Carl    Barus,    1897.  56.  Clifford  Richardson,  1906. 

47.  F.   P.   Whitman,    1898.  57.  Clifford  Richardson,  1907. 

48.  Elihu     Thomson,     1899. 

49.  Ernest    Merritt,     1900. 

50.  D.   B.   Brace,*   1901.  Section  D. — Mechanical  Science 

51.  W.    S.    Franklin,     1902.  and  Engineering. 

52.  Ernest  F.  Nichols,  1903. 

53.  E.  H.  Hall,  1904.  31.  W.  P.  Trowbridge,*  1882. 

54.  Wm.  F.  Magie,  1905.  32.  DeVolson  Wood,  1883,  ab- 

55.  Henry  Crew,  1906.  sent,  but  place  was  not  filled. 

56.  W.C.Sabine,  1906.  i:^.  R.    H.   Thurston,*   1884. 

57.  W.  C.  Sabine,  1907.                     34-  J     Burkitt  Webb,    1885. 
58."  D.   C.    Miller,    1908.                 35  O.   Chanute,    1886. 

36.  E.    B.   CoxE,    1887. 

Section     C. — Chemistry.  37.  C.   J.    H.    Woodbury,    1888. 

38.  James    E.    Denton,    1889. 

31.  H.    C.    Bolton,*    1882.  39.  James    E.    Denton,    1890,   in 

32.  E.  W.   Morley,   1883.  place  of  A.  Beardsley,  absent. 

33.  J.    W.    Langley,    1884.  40.  Thomas  Gray,  1891. 

34.  N.  T.  Lupton,*  1885,  in  the   41.  J.    B.   Johnson,    1892. 

absence  of  W.  R.  Nichols.    42.  S.   W     Robinson,    1893. 

35.  H.   W.   Wiley,    1886.  43.  Mansfield  Merriman,  1894. 

36.  A.   B.   Prescott,*   1887.  44.  William    Kent,    1895. 

37.  C.    E.    Munroe,    1888.  45.  Frank  O.    Marvin,    1896. 

38.  W.  L.  Dudley,  1889.  46  John  Galbraith,   1897. 

39.  R.    B.    Warder,    1890.  47.  John    Galbraith,     1898,    in 

40.  R.   C.    Kedzie,    1891.  the  absence  of  M.E.Cooley. 

41.  Alfred   Springer,    1892.        48.  Storm   Bull,    1899. 

42.  Edward    Hart,     1893.  49-  John  A.    Brashear,    1900. 

43.  T.    H.    Norton,    1894.  50.  H.   S.   Jacoby,    1901. 
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officers   of   the   meetings   of  the   associatjcn. 
Vice-Presidents   of  Sections,  Continued. 

51.  J.   J.    Flather,    1902.  Section  F. — Biology,  1882-1892. 

52.  Clarence  A.  Waldo,  1903. 

53.  C.    M.   Woodward,    1904.  31.   W     H.    Dall,    1882. 

54.  C.  M.  Woodward,  1905,111  the  ;i2.   W.  J.   Beal,    1883. 
absence  of  D.  S.  Jacobus.  :^^.   E.    D.   Cope,*    1884. 

55.  F.  W.  McNair,  1906.  34.   T.  J.   Burrill,    1885,  in  the 

56.  W.    R.   Warner,    1906.  absence  of  B.  G.  Wilder. 

57.  W.    R.   Warner,    1907.  35.    H.   P.   Bowditch,    1S86. 

36.  W.   G.   Farlow,   1887. 

37.  C.   V.   Riley,*    1888. 
Section    E. — Geology     and        38.    George  L.  Goodale,  1889. 

Geography.  39.   C.  S.  Minot,  1890. 

40.   J.  M.  Coulter,  1891. 

31.  E.   T.   Cox,    1882.  41.    S.  H.  Gage,  1892. 

32.  C.   H.    Hitchcock,    1883. 

i^.   N.   H.   Winchell,    1884.  Section  F. — Zoology. 

34.  Edward  Orton,*    1885. 

35.  T.   C.   Chamberlin,    1886.  42.    Henry   F.   Osborx,    1893. 

36.  G.    K.   Gilbert,    1887.  43.  J.     A.      Linter,*      1894,     in 

37.  George   H.   Cook,*    1888.  place  of  S.  H.  Scudder,  res'd. 

38.  Charles  A.   White,    1889.  •  44.   L.     O.     Howard,     1895,     i" 

39.  John  C.   Branner,    1890.  place  of  D.  S.  Jordan,  res'd. 

40.  J.  J.   Stevenson,    1891.  45.   Theo.   Gill,    1896. 

41.  H.   S.   Williams,    1892.  46.   L.     O.     Howard,     1897,     in 

42.  Charles  D.  Walcott,  1893.  place  of  G.   Brown  Goode,* 

43.  Samuel  Calvin,    1894.  deceased. 

44.  Jed   Hotchkiss,    1895.  47-   ^-   S.    Packard,*   1898. 

45.  B.    K.    Emerson,    1896.  48.   S.   H.   Gage,    1899. 

f  I.   C.   White,   1897.  49.    C.    B.    Davenport,    1900. 

'^   ■    I  E.  W.  Claypole,*  1897.  5°-    D.   S.  Jordan,   1901. 

47.  H.   L.   Fairchild,    1898.  51.    E.  L.  Mark,  1902,  in  the  ab- 

48.  J.   F.   Whiteaves,    1S99  sence  of  C.  C.  Nutting. 

49.  J.   F.    Kemp,    1900.  52.   C.  W.  Hargitt,  1903. 

50.  C.    R.   Van   Hise,    1901.  53.    E.  L.  Mark,  1904. 

51.  Joseph  A.  Holmes,  1902.  in  54.   C.  Hart  Merriam,  1905. 

the     absence     of     O.      A.   55.   H.  B    Ward,  1906. 
Derby  56.  E.  G.  Conklin,  1906. 

52.  Wm.  M.  Davis,  1903.  57.  E.  G.  Conklin,  1907. 

53.  I.  C.  Russell,  1904. 

54.  Eugene  A.  Smith,  1905.  Section  G. — Microscopy,  1882-85. 

55.  Wm.  North  Rice.  1906. 

56.  A.   C.   Lane,    1906  31.   A.  H.  Tuttle,  1882. 

57.  A.   C.   Lane,    1907.  32.   J.    D.    Cox,     1F83. 
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33.  T.    G.    WoRMLEY,*    1884.  43.    Franz     Boas,     1894. 

34.  S.     H.     Gage,     1885.  44.   F.    H.    Gushing,*    1895. 
(Section  united  with  F  in  1886.)    45.    Alice  C.  Fletcher,   1896. 

46.   W  J   McGee,   1897. 
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47.  J.    McK.    Cattell,    1898. 

48.  Thomas    Wilson,*    1899. 

49.  A.   W.   Butler,    1900. 

50.  J.   Walter  Fewkes,    1901. 

51.  Stewart   Culin,    1902. 

52.  Geo.  a.  Dorsey,  1903. 

53.  M.  H.  Saville,  1904. 

54.  Walter  Hough,  1905. 

55.  George    Grant    McCurdy. 
1906. 

56.  Hugo  Munsterberg,  1906, 

57.  A    L.    Kroeber,   1907. 


Section  I. — Social  and  Economic 
Science. 

31.    E.    B.    Elliott,*    1882. 


Section    G. — Botany. 

42.  Charles  E.  Bessey,  1893. 
<  L.  M.  Underwood,  1894. 
(     .    E.    Bessey,    1894. 

44.  J.  C.  Arthur,  1895. 

45.  N.    L.    Britton,    1896. 

46.  G.  F.  Atkinson,   1897. 

47.  W.  G.  Farlow,   1898. 

48.  C.     R.     Barnes,     1899. 

49.  W.    Trelease,     1900. 

50.  B.   T.   Galloway,   1901. 

51.  C.   E.   Bessey,    1902,  in  the 

absence    of    D.    H.    Camp- 
bell. 

52.  F.  V.  CoviLLE,    1903. 

53.  T.  H.  MacBride,  1904. 

54.  B.  L.  Robinson,  1905. 

55.  B.  L.  Robinson,  1906,  in  the   32.   Franklin  B.  Hough, *i883. 
absence  of  Erwin  F.  Smith.       33.  John     Eaton,*      1884. 

34.  Edward    Atkinson,     1885. 

35.  Joseph    Cummings,*     1886. 

36.  H.  E.  Alvord,*  1887. 

37.  Charles  W.  Smiley,    1888. 

38.  Charles    S.    Hill,    1889. 

39.  J.   Richards   Dodge,    1890 

40.  Edmund  J.  Jambs,    1891. 

41.  L.   F.  Ward,  1892,  in  place 
of  S.  D.  HoRTON,*  resigned. 

42.  William  H.  Brewer,  1893. 

43.  Henry  Farquhar,  1894. 

44.  B.    E.    Fernow,    1895. 

45.  W.   L.   Lazenby,    1896. 

46.  R.   T.   CoLBURN,    1897. 

47.  Archibald    Blue,     1898 

48.  Marcus  Benjamin,  1899. 

49.  Marcus  Benjamin,  1900, 
in  the  absence  of  CM. 
Woodward. 


56.  D.  T.  MacDougall,  1906. 

57.  D.  T.  MacDougall,  1907. 


Section  H. — Anthropology. 

31.  Alex.    Winchell,*    1S82. 

32.  Otis  T.  Mason,  1883. 

33.  Edward  S.   Morse,  1884. 

34.  J.    Owen    Dorsey,*     1885, 
in  the  absence  of  W.  H.  Dall. 

35.  Horatio     Hale,*     1886. 

36.  D.    G.    Brinton,*     1887. 

37.  Charles  C.    Abbott,    1888. 

38.  Garrick    Mallery,*    1889. 

39.  Fra.nk  Baker,   1890. 

40.  Joseph  Jastrow,  1891. 

41.  W.    H.    Holmes,    1892. 

42.  J.    Owen    Dorsey,*    1893. 
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50.  JoH.N    Hyde,    1901.  52.   W.  H.  Welch,  1903. 

51.  John  Hyde,  1902,  in  the  ab-  53.    H.  P.  Bovvditch,  1904. 
sence  of  Carroll  D.  Wright.  54.    H.  P.  Bowditch,  1905. 

52.  H.  T.  Neavcomb,  1903.  55.    Alexander  C.  Abbott,  1906, 

53.  Simeon   E.  Baldwin,  1904.  in  the  absence  of  W.  T.  Sedg- 

54.  Martin  A.  Knapp,  1905.  wick. 

55.  Irving  Fisher,  1906.  56.  Simon  Flexner,  1906. 

56.  Chas.  a.  Conant,  1906.  57.  Simon  Flexner,  1907. 

57.  Chas.  A.  Conant,  1907. 

Seciio>i  L. — Education. 

Sectio>i  K. — Physiology  and  Ex-   58.   Elmer   Brown,    190S. 
perimental    Medicine. 

51.   W.  H.  Welch,   1902. 

SECRETARIES. 

General  Secretaries,   1S48-  17.    Simon    Newcomb,    1868,    in 

the  absence  of  A.P.Rockwell. 

1.  Walter  R.  Johnson,*  1848.    18.   O.    C.     Marsh,*     1S69. 

2.  E.  N.  Horsford,*  1849,  in  19.  F.  W.  Putnam,  1870,  in  the 
the  absence  of  Jeffries  absence  of  C.  F.  Hartt.* 
Wyman.*                                        20.    F.    W.    Putnam,    1871. 

3.  L.  R.  GiBBS,  1850,  in  the  ab-  21.    Edward    S.     Morse,     1872. 

sence   of    E.    C.    Herrick.*   22.    C.    A.    White,    1873. 

4.  E.     C.     Herrick,*     1850.        23.   A.   C.   Hamlin,    1874. 

5.  Wm.   B.   Rogers,*    1851,  in    24.   S.   H.  Scudder,   1875. 

the  absence  of  E.  C.  Herrick.*   25.   T.    C.    Mendenhall,    1876. 

6.  Wm.    B.    Rogers,*    1851.        26.   Aug.  R.  Grote,  1877. 

7.  S.   St.  John,*    1853,  in  the    27.    H.    C.    Bolton,*  1878. 

absence  of  J.    D.   Dana.*      28.    H.  C.  Bolton,*  1879,  in  the 

8.  J.  Lawrence  Smith,*  1854.         absence  of  George  Little. 

9.  Wolcott  Gibbs,    1855.  29.  J.  K.  Rees,  1880. 

10.  B.  a.  Gould,*   1856.  30.  C.  V.  Riley,*  1881. 

11.  John  L.  LeConte,*  1857.  31.  William  Saunders,  1S82, 

12.  W. M. Gillespie, *i858, in  the  32.  J.  R.  Eastman,  1883. 
absence  of  Wm.Chauvenet.*  ;i^.  Alfred  Springer,  1884. 

13.  Wm.   Chauvenet,*    1859.  34.   C.   S.    Minot,    1885. 

14.  Joseph     LeConte,*      i860.  35.   S.    G.    Williams,*    1S86. 

15.  Elias  Loomis,*  1866,  in  the     36.    William  H.  Pettee,   1887. 
absenceof  W.  P.Trowbridge.*  37.   Julius   Pohlman,    188S. 

16.  C.    S.     Lyman,*     1867.  3S.   C.   Leo   Mees,  11:88.9. 
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39.  H.  C.   Bolton,*  1890.  34.    S.G.Williams,*   1885,  in  the- 

40.  H.    W.   Wiley,    1891.  absence  of  C.   C.   Abbott 

41.  A.  W.  Butler,  1892.  35.   W.   H.   Pettee,    1886. 

42.  T.    H.    Norton,    1893.  36.   J.   C.   Arthur,    1887. 

43.  H.  L.  Fairchild,  1894. 

44.  Jas.   Lewis  Howe,   1895. 

45.  Charles  R.  Barnes,  1896.      Secretaries  of  the  Council,   1888- 

46.  Asaph  Hall,  Jr.,   1897. 

47.  J.  McMahon,  1898,  in  place   37.    C.  Leo  Mees,   1888. 
of  D.S.KELLicoTT,*decea.sed.    38.    H.  C.   Bolton,*   1889. 

48.  F.    Bedell,    1899.  39.    H.   W.  Wiley,    1890. 

49.  Chas.    Baskerville,    1900.    40.   A.    W.    Butler,    1891. 

50.  John  M.  Coulter,  iqoi,  in    41.   T.    H.    Norton,    1S92. 

the  absence  of  William  42.    H.  Leroy  Fairchild,  1893.. 

Hallock.  43.   Jas.   Lewis  Howe,   1894. 

51.  D.    T.     MacDougal,     1902.  44.    Charles  R.  Barnes,  1895. 

52.  Henry  B.  Ward,   1903.  45.   Asaph    Hall,    Jr.,    1896. 

53.  C.  W.  Stiles,  1904.  46.    D.   S.    Kellicott,*    1897. 

54.  Charles  S.  Howe,  1905.  47.    Frederick    Bedell,    1898. 

55.  C.  A.  Waldo,  1906.  48.   CharlesBaskerville,i899.. 

56.  John  F.  Hayford,  1906.  49.   William     Hallock,     1900. 

57.  John  F.  Hayford,  1907.  50.    D.  T.   MacDougal,   1901. 

51.    H.  B.  Ward,   1902. 
Permanent     Secretaries,     185 1-     52.    Cii.  Wardell   Stiles,  1903^ 

53.    Chas.  S.  Howe,  1904. 
5-7.   Spencer  F.  Baird,*iS5  1-4      54.   C.A.Waldo,  1905. 
8-17.  Joseph  Lovering,*i854.       55.   John  T.  Hayford,  1906. 

-68.  56.  F.  W.  McNair,  1906. 

18.    F.  W.  Putnam,  1S69,  in  the     57    F.  W.  McNair,  1907. 

absence  of  J.   Lovering"'= 
19-21.  Joseph  Lovering,*  1870 

-73.  Secretaries  of  Section  A. — Mathe- 

22-46.  F.  W.  Putnam,  1873-98.      matics.  Physics  and  Chemistry,. 
47-54.  L.  O.  Howard,  1898-05.      1875-1S81. 
55-60.  L.  O.  Howard,  1906-10. 

j  S.    P.    Langley,*  1875. 
Assistant    General   Secretaries,  (  T.  C.  Mendenhall,  1875^ 

1882-1887.  25.    A.    W.    Wright,    1876. 

26.    H.  C.   Bolton,*  1877. 

31.  J.  R.  Eastman,  1882.  27.    F.    E.    Nipher,    1878. 

32.  Alfred  Springer,    1883.  28.   J.    K.    Rees,    1879. 

33.  C.  S.  MiNOT,   1884,  in  the  ab-    29.    H.  B.  Mason,  1880. 

sence  of  E.  S.   Holden. 
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30.   E.T.Tappan,  1881,  in  the  ab-   25.    Albert    H.    Tuttle,    1876. 

.£sence of  Jno.  Trowbridge.     26.   William  H.    Dall,    1877. 

M  27.   George    Little,     1878. 

Secretaries   of   Section   B. — Nat-   28.    Wm.  H.   Dall,   1879,  in  the 

ural    History,     1874-1881.  absence  of  A.  C.  Wetherby. 

29.  Charles   V.    Riley,*    1880. 
24. 'Edward  S.  Morse,  1875.        30.    William    Saunders,    1881. 

Secretaries    of    Subsections,    1S75-1881. 
Subsection    of    Chetnistry.  Subsection    of    Anthropology. 

24.  F.  W.  Clarke,   1875.  24.  F.   W.   Putnam,    1875. 

25.  H.  C.   Bolton,*  1876.  25.  Otis    T.    Mason,    1876. 

26.  P.    Schweitzer,    1877.  26,  27.    United  with    Section  B. 

27.  A.  P.  S.  Stuart,   1878.  28,  29,    30.   J.    G.    Henderson, 

28.  W.  R.  Nichols,*  1879.  1879-81. 

29.  C.    E.    Munroe,    1S80. 

30.  Alfred  Springer,   1S81,  in  Subsection  of   Microscopy. 
the  absence  of  R.B. Warder. 

25.   E.  W.  Morley,  1876. 
Subsection   of   Entomology.      26.    T.  O.  Sommers,  Jr.,  1877. 

27.    G.  J.    Engelmann,    1878. 

30.  B.  P.  Mann,   1881.  28,  29.   A.  B.  Hervey,  1879-80. 

30.  W.  H.  Seaman,  1881,  in  the 

absence  of  S.  P.  Sharples. 

Secretaries    of    the    Sections,   1882- 

Section  A. — Mathematics  and  41.    Winslow   Upton,    1892. 

Astronomy.  42.    C.   A.   Waldo,    1893,  in  the 

absence  of  A.  W.  Phillips. 

31.  H.  T.  Eddy,  1882.  43.   J.    C.    Kershner,    1894,    in 

32.  G.  W.  Hough,  1883,  in  the  place  of  W.W.Beman,  res'd. 
absence  of  W.  W.  Johnson.   44.    Asaph    Hall,  Jr.,  1895,   i" 

j,:^.   G.  W.  Hough,    1884.  place  of  E.  H.  Moore,  res'd. 

34.  E.  W.  Hyde,  1885.  45.    Edwin  B.   Frost,    1896. 

35.  S.  C.  Chandler,   1886.  46.  James  McMahon,    1897. 

36.  H.  M.  Paul,   1887.  47.   Winslow  Upton,  1898,  in 

37.  C.  C.  Doolittle,  1888,  place  of  Alex.  Ziwet, 

38.  G.  C.  Comstock,    1889.  resigned. 

39.  W.  W.   Beman,    1890.  48.   John  F.  Hayford,   1899. 

40.  F.  H.  Bigelow,   1891.  49.   W.   M.  Strong,   1900. 
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50.  G.  A.  Miller,  1901,  in  place   ^^.    H.  Carmichael,  1884,  in  the 

of  H.  C.  Lord,  resigned.  absence  of  R.  B.  Warder 

51.  E.  S.  Crawley,  1902.  34.  F.  P.  Dunnington,  1885. 

52.  C.   S.    Howe,    1903.                   35.  W.     McMurtrie,     1886. 
53-57.    L.  G.  Weld,  1904-1907.   36.  C.  F.  Mabery,  1S87. 

37.  W.    L.    Dudley,    1888. 

38.  Edward   Hart,    1889. 
Section  B. — Physics.              39.    W.  A.  No  yes,  1890. 

40.    T.  H.  Norton,  1891. 

31.  C.  S.  Hastings,  1882.  41.    Jas.  Lewis  Howe,  1892. 

32.  F.  E.   NiPHER,   1883,  in  the  42.    H.   N.  Stokes,   1893,  i^  ^^^ 

absence  of  C.  K.  Wead.  absence  of  J.   U.   Nef. 

33.  N.    D.   C.    Hodges,    1884.        43.    Morris  Loeb,  1894,  in  place 

34.  B.  F.  Thomas,  1885,  in  place  of   S.  M.  Babcock,  resigned, 
of  A.  A.  MiCHELSON,  resigned.  (W.     P.     Mason,     1895. 

35.  H.  S.  Carhart,  1886.  ■*"^'      <W.    O.    Atwater,    1895. 

36.  C.  Leo  Mees,  1887.  45.    Frank  P.  Venable,  1896. 

37.  Alex.     Macfarlane,    1888.   46.    P.   C.   Freer,    1897. 

38.  E.  L.  Nichols,  1889.  47.   C.    Baskerville,    1898. 

39.  E.  M.  Avery,  1890.  48.    IL  A.  Weber,  1899. 

40.  Alex.     Macfarlane,    1891.    49.    A.    A.    Noyes,    1900. 

41.  Brown    Ayres,     1892.  50.    W.  McPherson,  1901. 

42.  W.  LeConte  Stevens,  1893.    S^-   F.  C.  Phillips,  1902. 

43.  B.    W.    Snow,    1894.  52.    H.   N.   Stokes,    1903. 

44.  E.   Merritt,    1895.  53~58-   Chas.  L.    Parsons,  1904- 

45.  Frank  P.   Whitman,  1896.  190S. 

46.  Frederick    Bedell,  1897. 

47.  W.    S.    Franklin,    1898,   in     Section    D. — MccJianical  Science 
place  of  E.  B.  Rosa,  resigned.  and  E)igineering. 

48.  William  Hallock,  1899. 

49.  R.  A.   Fessenden,   1900.  31.   J.    Burkitt  Webb,  1882,    in 

50.  John  Zeleny,  1901,  in  place  the  absence  of  C.  B.  Dudley. 

of  J.  O.  Reed,  resigned.        32.   J.    Burkitt  Webb,  18S3,  pro 

51.  E.   F.  Nichols,  1902.  tempore. 

52.  D.  C.   Miller,   1903.  33.    J.  Burkitt  Webb,  1884. 
53-57.  D.  C.  Miller,  1904-1907.    34.    C.J.  H.  Woodbury,  1SS5. 

35.  William  Kent,   1886. 

36.  G.   M.  Bond,   1887. 
Section  C. — Chemistry.            37.    Arthur   Beardsley,    1888. 

2,?,.  W.    B.    Warner,    1889. 

31.    Alfred  Springer,  1882.  39.  Thomas  Gray,   1890. 

j  J.    W.    Langley,    1883.        40.  William  Kent,   1891. 

i  W.  McMurtrie,   1883.  4^-  O-  H.  Landreth,  1892. 

42.  D.   S.  Jacobus,    1893. 
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43.  John   H.   Kinealv,    1894. 

44.  H.   S.   Jacoby,    1895. 

45.  John   Galbraith,    1896. 

46.  John   J.    Feather,    1897. 

47.  John  J.    P'lather,    1898,  in 

the    absence  of    W.   S.    Al- 

DRICH. 

48.  J.    M.    Porter,    1899. 

49.  W.  T.  Magruder,   1900. 

50.  C.  W.  CoMSTOCK,  1901,  in  the 

absence  of   W.  H.  Jaques. 

51.  C.  A.  Waldo,  1902. 

52.  Elwood  Mead,   1903,  in  the 

absence  of  Albert  Kings- 
bury. 
53-58.   W.  T.  Magruder,  1904- 
1908. 

Section     E. — Geology     and     Geo- 
graphy. 


31- 


32. 


35- 
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H.  S.  Williams,  18S2,  in  the 
absence   of   C.    E.    Dutton. 
A.  A.  JuLiEN,  18S3. 
E.  A.  Smith,   1884. 
34.  G.  K.  Gilbert,  1885,  in  the 
absence  of  H.  C.  Lewis.* 
E.    W.   Claypole,*    i836. 
W.    M.    Davis,    1SS7,    in  the 
absence  of  T.  B.  Comstock. 

37.  John  C.  Branner,  1S88. 

38.  John  C.    Bra.nner,   1889. 

39.  Samuel   Calvin,    1890. 

40.  W  J  McGee,  1891. 

41.  R.  D.  Salisbury,  1892. 

42.  W.     H.     HoBBS,*     1893,    in 
place  of  R.  T.  Hill,  resigned. 

43.  Jed.    Hotchkiss,*    1894,   in 

place  of  W.  M.  Davis,  res'd. 

44.  J.    Perrin    Smith,    1895. 

45.  W.   N.   Rice,   1896,  in  place 
of  A.   C.    Gill,   resigned. 


46.  C.  H.  Smith,  Jr.,  1897. 

47.  Warren     Upham,     189S. 

48.  Arthur    Hollick,    1890. 

49.  J.  A.  Holmes,  1900. 

50.  H.  B.  Patton,   1901,  in  the 
absence  of  R.  A.   F.  Penrose. 

51.  F.  P.  Gulliver,  1902. 

52.  E.    O.    Hovey,    1903. 

53.  G.  B.  Shattuck,  1904. 
54-57.  EdmundO.  HovEY,  1905- 

1907. 


Section   F. — Biology,   1882-1892 

31.  William    Osler,     1882,    in 

the  absence  of  C.  S.  Minot. 

32.  S.  A.  Forbes,   1883. 

33.  C.  E.   Bessey,   1884. 

34.  J.    A.    Lintner,*    1885,    in 
place  of  C.  H.  Fernald,  res'd. 

35.  J.  C.  Arthur,  1886. 

36.  J.    H.    Comstock,    1887. 

37.  B.   E.   Fernow,    18SS. 

38.  A.  W.  Butler,  1S89. 

39.  J.  M.  Coulter,  1890. 

40.  A.  J.  Cook,   189 i. 

41.  D.    B.    Halstead,    1892. 

Section     F. — Zoology. 

42.  L.  O.  Howard,  1S93. 

43.  John  B.  Smith,  1894,  in  place 

of  Wm.Libby,  Jr.,  resigned. 

44.  C.     W.    Hargitt,     1895,    ii^ 
place  of  vS.  A.  Forbes,  res'd. 

45.  D.   S.    Kellicott,*    1896. 

46.  C.   C.    Nutting,    1897. 

47.  R.     T.     Jackson,     1898,     in 
place  of  C.  W.  Stiles,  resigned. 

48.  C.     L.     Marlatt,     1899,    in 
place  of  F.  W.  True,  resigned. 
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OFFICERS    OF    THE    MEETINGS    OF    THE    ASSOCIATION. 


Secretaries  of  the  Sections,  Continued. 


49.  C.   H.   Eigenmann,    1900.  33.    G.  H.  Perkins,  iS 84,  in  the 

50.  H.   B.  Ward,   1901.  absence  of  W.  H.  Holmes. 

51.  C.  W.  Stiles,  1902.  34-   Erminnie  A.  Smith,*  1885. 

52.  C.   J.    Herrick,    1903.  35-    A.  W.  Butler,  1886. 
53-58.   C.J.  Herrick.  1904-08.      36.   Chas.  C.  Abbott,  1887,  in  the 

absence  of  F.  W.  Langdon. 
ScctionG.— Microscopy, i8S2-S^.     37.    Frank  Baker,  1888. 

38.    W.  M.  Beauchamp,  1889. 


39.  Joseph    Jastrow,     1890. 

40.  W.  H.  Holmes,  1891. 

41.  W.  M.  Beauchamp,  1892,  in 
place  of  S.  CuLiN,  resigned. 

42.  W.     K.     MOOREHEAD,      1893. 

43.  A.   F.   Chamberlin,    1894. 
TStewart    Culin    and    W. 

B.   T.    Galloway,    1893,   in      44.  ^  W.  Tooker,  1895,  in  place 


31.  Robert  Brown,  Jr.,  1882 

32.  Carl  Seiler,   1883. 

33.  Romyn  Hitchcock,  1884. 

34.  W.    H.    Walmsley,    1885. 

Section    G. — Botany. 
42. 


the  absence  of  F.  V.  Coville. 
43.   Chas.  R.  Barnes,  1S94. 

j  B.   T.   Galloway,    1S95. 
^^'    \  M.  B.  Waite,  1893. 

45.  George  F.  Atkinson,  1S96. 

46.  F.  C.  Newcombe,  1897. 

47.  Erwin  F.  Smith,   1898. 

48.  W.  A.  Kellerman,  1899. 

49.  D.  T.  MacDougal,  1900. 


[  of  Anita  N.  McGee,  res'd. 

45.  G.     H.     Perkins,     1896,    in 
place  of  J.  G.BouRKE,*dec'd. 

46.  Anita   N.|McGee,    1897,  i" 
place  of  Harlan  I.  Smith,  res'd. 

47.  Marshall  H.  Saville, 1898. 

48.  E.  W.  Scripture,  1899,  in 
place  of  Geo.  A.  Dorsey, 
resisfned. 


50.  Ernst  A.  Bessey,  1901,  in  49.  Frank  Russell,*  1900. 
the  absence  of  A.  S.  Hitch-  50.  G.  G.  MacCurdy,  1901. 
cock.  51.   Harlan   I.   Smith,    1902. 

51.  H.    von    Schre.nk,    1902.  52.   R.  B.  Dixon,  1903. 

52.  C.  J.  Chamberlain,    1903.  53-58.   Geo.  H.  Pepper,  04-08. 
53-55-   F-  E.  Lloyd, .i904-iqo6. 

56.    G.  F,  Atkinson,    1906,  in  the  Section  1. — Social  and  Economic 


absence  of  F.  E.  Lloyd. 

57    Tracy  E.  Hazen,  1907,  in  the 

absence  of  F.  E.  Lloyd. 


Section     H. — Anthropology. 

31.  Otis  T.  Mason,  1882. 

32.  G.   H.  Perkins,   1S83. 


Science. 

j  Franklin  B. Hough, *i882. 
(  J.  Richards  Dodge,  1882. 

32.  Joseph  Cummings,*   1883. 

33.  Charles  W.  Smiley,   1884. 

34.  Chas.   W.  Smiley,   1885,  in 
the  absence  of  J.W.Chicker- 

ING. 
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officers  of  the  meetings  of  the   association, 

Secretaries  of  the  Sections,   Continued. 

35.  H.  E.  Alvord,*  18S6.  50.    R.  A.  Pearson,  1901,  in  place 

36.  W.   R.   Lazenby,    1887.  of  Cora  A.  Benneson,  res'd. 

37.  Charles  S.  Hill,  1888.    i  51.    F.  R.  Rutter,  i902,in  placeof 

38.  J.  Richards  Dodge,  1889.  Walter  F.Willcox,  resigned. 

39.  B.    E.   Fernow,    1890.  52.    F. -H.  Hitchcock,  1903. 

40.  B.  E.  Fernow,  1891.  53-57-   J-  F-  Crowell,  1904-07. 

41.  Henry   Farquhar,    1892,  in 

place  of  L.  F.  Ward,  made 

Vice-President.  Section  K. — Physiology  and  Ex- 

42.  Nellie  S.  Kedzie,   1893.  periinental  Medicine. 

43.  Manley  Miles,  1894. 

44.  W.     R.     Lazenby,     1895,    i"  5^-    F-  S.  Lee,   1902. 

place  of  E.  A.  Ross,  resigned.  52.    F.    S.    Lee,    1903. 

45.  R.  T.  CoLBURN,   1896.  53.   F.  S.  Lee,  1904. 

46.  Archibald    Blue,    1897.  54-58-   W.  J.  Gies,  1905-08. 

47.  Marcus  Benjamin,  1898. 

48.  Calvin  M.Woodward,  1899.  Section  L. — Education. 

49.  H.    T,    Ne  wcomb,    1900. 

58.    E.  L.  Thorndike,  1908. 

TREASURERS. 

1.  Jeffries    Wyman,*    1848.        20-30.    Wm.    S.    Vaux,*    1871- 

2.  A.   L.   Elwyn,*    1849.  1881. 

3.  St.  J.  Ravenel,*i85o,  inthe      32-42.    Wm.     Lilly,*     1882-93. 

absence  of  A.  L.  Elwyn.*  43-49.    R.  S.  Woodward,  1894- 

4.  A.   L.   Elwyn,*    1850.  1900. 

5.  Spencer   F.    Baird,*    1851,  50-54.    R.S.Woodward,  1901- 
in  the  absence  of  A. L. Elwyn.*  1905- 

6-7.   A.   L.   Elwyn,*    1851-53.      55-60.   R.   S.   Woodward,  1906— 
8.  J.  L.  LeConte,*   1854,  in  the  1910. 

absence  of  A.  L.  Elwyn.* 
9-19.   A.     L.     Elwyn,*      1855- 
1870. 
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Commontuealth  of  Massachusetts. 


In  the  Year  One  Thousand  Eight  Hundred  and  Seoenty-Four. 


AN  ACT 
To  Incorporate  the  "  American  Association  for  the  Advance- 
ment OF  Science." 
Be  it  enacted  by  the  Sen&te  and  House  of  Representatives,  in  General 
Court  assembled,  and  by  the  authority  of  the  same,  as  follows: 
Section  i.  Joseph  Henry  of  Washington,  Benjamin  Pierce  of 
Cambridge,  James  D.  Dana  of  New  Haven,  James  Hall  of  Albany, 
Alexis  Caswell  of  Providence,  Stephen  Alexander  of  Princeton, 
Isaac  Lea  of  Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S. 
Newberry  of  Cleveland,  B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt 
of  Boston,  Asa  Gray  of  Cambridge,  J.  Lawrence  Smith  of  Louis- 
ville, Joseph  Lovering  of  Cambridge,  and  John  LeConte  of  Phila- 
delphia, their  associates,  the  officers  and  members  of  the  Associa- 
tion, known  as  the  "American  Association  for  the  Advancement  of 
Science,"  and  their  successors,  are  hereby  made  a  corporation  by 
the  name  of  the  "American  Association  for  the  Advancement  of 
Science,"  for  the  purpose  of  receiving,  purchasing,  holding,  and 
conveying  real  and  personal  property,  which  it  now  is,  or  here- 
after may  be,  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions, "^duties  and  liabilities  set  forth  in  the 
general  laws  which  now  or  hereafter  may  be  in  force  and  applicable 
to  such  corporations. 

Section  2.  Said  corporation  inay  have  and  hold  by  purchase, 
grant,  gift,  or  otherwise,  real  estate  not  exceeding  one  hundred 
thousand  dollars  in  value,  and  personal  estate  of  the  value  of  two 
hundred  and  fifty  thousand  dollars. 

Section  3.  Any  two  of  the  corporators  above  named  are  here- 
by authorized  to  call  the  first  meeting  of  the  said  corporation  in 
the  month  of  August  next  ensuing,  by  notice  thereof  "by  mail," 
to  each  member  of  the  said  Association. 

Section  4.   This  act  shall    take  effect  upon  its  passage. 

House  of   Representatives,   March    10,    1S74. 
Passed    to    be    enacted, 
John    E.    Sanford,    Speaker. 
In   Senate,    March    17,    1874. 

Passed  to  be  enacted,  March   19,    1874. 

Geo.    B.    Loring,    President.  Approved. 

W.    B.    Washburn, 
Secretary's  Department, 
Boston,   April   3,    1874. 
.A  true  copy,  Attest: 

David    Pulsifer, 
Deputy  Secretary  of  the  Cominonwealth, 
C28; 


CONSTITUTION 


AMERICAN   ASSOCIATION    FOR   THE   ADVANCE- 
MENT  OF  SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  Massachusetts 


Objects. 
Article  i.  The  objects  of  the  Association  are,  by  periodical 
and  migratory  meetings,  to  promote  intercourse  between  those 
who  are  cultivating  science  in  different  parts  of  America,  to  give 
a  stronger  and  more  general  impulse  and  more  systematic  direc- 
tion to  scientific  research,  and  to  procure  for  the  labors  of  scientific 
men  increased  facilities  and  a  wider  usefulness. 

Membership. 

Art.  2.  The  Association  shall  consist  of  members,  fellows, 
patrons,  corresponding  members  and  honorary  fellows. 

Members. 

Art.  3.  Any  person  may  become  a  member  of  the  Association 
upon  recommendation  in  writing  by  two  inembers  or  fellows,  and 
election  by  the  Council.  Any  incorporated  scientific  society  or 
institution,  or  any  public  or  incorporated  library,  may  be  enrolled 
as  a  member  of  the  Association  by  vote  of  the  Council  by  pay- 
ment of  the  initiation  fee;  such  society,  institution,  or  library  may 
be  represented  by  either  the  President,  Curator,  Director,  or 
Librarian  presenting  proper  credentials  at  any  meeting  of  the 
Association  for  which  the  assessment  has  been  paid. 

Associates. 

Associates  for  any  single  meeting  shall  be  admitted  on  the  pay- 
ment of  three  dollars,  such  associates  to  have  all  the  privileges  of 
the  meeting,  except  reading  papers  and  voting. 

Members  of  scientific  societies  whose  meetings  are  contem- 
poraneous with,  or  immediately  subsequent  to,  that  of  the  Associa- 
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tion,  and  which  are  recognized  by  vote  of  the  Council  as  "Affiliated 
Societies,"  may  become  associate  members  for  that  meeting  on 
the  payment  of  three  dollars.  They  shall  be  entitled  to  all  the 
privileges  of  membership  except  voting  or  appointment  to  office, 
but  their  names  shall  not  appear  in  the  list  of  members  printed  in 
the  annual  report. 

Foreign  Associates. 
Any  member  or  fellow  of  any  national  scientific  or  educational 
institution,  or  of  any  society  or  academy  of  science,  of  any  country 
not  in  America,  who  may  be  present  at  any  meeting  of  the  Associa- 
tion shall,  on  presenting  the  proper  credentials,  be  enrolled  with- 
out fee  as  a  Foreign  Associate,  and  shall  be  entitled  to  all  the 
privileges  of  the  meeting  except  voting  on  matters  of  business. 

Fellows. 

Art.  4.  Fellows  shall  be  elected  by  the  Council  from  such  of 
the  members  as  are  professionally  engaged  in  science,  or  have, 
by  their  labors,  aided  in  advancing  science.  The  election  of 
fellows  shall  be  by  ballot,  and  a  majority  vote  of  the  members 
of  the  Council  at  a  designated  meeting  of  the  Council. 

Patrons, 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one 
thousand  dollars  shall  be  classed  as  a  patron,  and  shall  be  en- 
titled to  all  the  privileges  of  a  member  and  to  all  its  publications. 

Honorary   Fellows   and   Corresponding   Members. 

Art.  6.  Honorary  fellows  of  the  Association,  not  exceeding 
three  for  each  Section,  may  be  elected,  the  nominations  to  be  made  by 
the  Council  and  approved  by  ballot  in  the  respective  sections  be- 
fore election  by  ballot  in  General  Session.  Honorary  fellows  shall 
be  entitled  to  all  the  privileges  of  fellows,  and  shall  be  exempt 
from  all  fees  and  assessments,  and  entitled  to  all  publications 
of  the  Association  issued  after  the  date  of  their  election.  Corre- 
sponding members  shall  consist  of  such  scientists  not  residing  in 
America  as  may  be  elected  by  the  Council,  and  their  number  shall 
be  limited  to  fifty.      Corresponding  members  shall  be  entitled  to 
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all  the  privileges  of  members  and  to  the  annual   volumes  of   Pro- 
ceedings published  subsequent  to  their  election. 

Suspensions. 

Art.  7.  The  name  of  any  member  or  fellow  two  years  in 
arrears  for  annual  dues  shall  be  erased  from  the  list  of  the 
Association,  provided,  that  two  notices  of  indebtedness,  at  an 
interval  of  at  least  three  months,  shall  have  been  given;  and  no 
such  person  shall  be  restored  until  he  has  paid  his  arrearages  or 
has  been  re-elected.  The  Council  shall  have  power  to  exclude 
from  the  Association  any  member  or  fellow,  on  satisfactory  evi- 
dence that  said  member  or  fellow  is  an  improper  person  to  be  con- 
nected with  the  Association,  or  has  in  the  estimation  of  the  Council 
made  improper  use  of  his  membership  or  fellowship. 

Officers. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organiza- 
tion of,  or  hold  office  in,  more  than  one  section  at  any  one  meeting. 

Art.  9.  The  officers  of  the  Association  shall  be  elected  by 
ballot  by  the  General  Committee  from  the  fellows,  and  shall  con- 
sist of  a  President,  a  Vice-President  from  each  section,  a  Per- 
manent Secretary,  a  General  Secretary,  a  Secretary  of  the  Council, 
a  Treasurer,  and  a  Secretary  of  each  Section;  these,  with  the 
exception  of  the  Permanent  Secretary,  the  Treasurer,  and  the 
Secretaries  of  the  Sections,  shall  be  elected  at  each  meeting  for  the 
following  one,  and,  with  the  exception  of  the  Treasurer  and  the 
Permanent  Secretary,  shall  not  be  re-eligible  for  the  next  two 
meetings.  The  term  of  office  of  the  Permanent  Secretary,  of  the 
Treasurer,  and  of  the  Secretaries  of  the  Sections,  shall  be  five 
years. 

President. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice- 
President  present,  shall  preside  at  all  General  Sessions  of  the 
Association  and  at  all  meetings  of  the  Council.  It  shall  also  be 
the  duty  of  the  President  to  give  an  address  at  a  General  Session 
of  the  Association  at  the  meeting  following  that  over  which  he 
presided. 
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constitution. 
Vice-Presidents. 

Art.  II.  The  Vice-Presidents  shall  be  chairmen  of  their 
respective  Sections,  and  of  their  Sectional  Committees,  and  it 
shall  be  part  of  their  duty  to  give  an  address,  each  before  his  own 
Section,  at  such  time  as  the  Council  shall  determine  at  the  meeting 
subsequent  to  that  at  which  he  presides.  The  Vice-Presidents 
may  appoint  temporary  chairmen  to  preside  over  the  sessions  of 
their  sections,  but  shall  not  delegate  their  other  duties.  The 
Vice-Presidents  shall  have  seniority  in  order  of  their  continuous 
membership   in   the   Association. 

General   Secretary. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all 
General  Sessions  of  the  Association,  and  shall  keep  a  record  of  the 
business  of  these  sessions.  He  shall  receive  the  records  from 
the  Secretaries  of  the  Sections,  which,  after  examination,  he 
shall  transmit  with  his  owm  records  to  the  Permanent  Secretary 
within  two  weeks  after  the  adjournment  of  the  meeting. 

Secretary   of   the   Council. 

Art.  13.  The  Secretary  of  the  Council  shall  keep  the  records 
of  the  Council.  He  shall  give  to  the  Secretary  of  each  Section  the 
titles  of  papers  assigned  to  it  by  the  Council.  He  shall  receive 
proposals  for  membership  and  bring  them  before  the  Council. 

Perm.\nent  Secret.^ry. 
Art.  14.  The  Permanent  Secretary  shall  be  the  executive 
officer  of  the  Association  under  the  direction  of  the  Council.  He 
shall  attend  to  all  business  not  specially  referred  to  committees 
nor  otherwise  constitutionally  provided  for.  He  shall  keep  an 
account  of  all  business  that  he  has  transacted  for  the  Association, 
and  make  annually  a  general  report  for  publication  in  the  annual 
volume  of  Proceedings.  He  shall  attend  to  the  printing  and 
distribution  of  the  annual  volume  of  Proceedings,  and  all  other 
printing  ordered  by  the  Association.  He  shall  issue  a  circular 
of  information  to  members  and  fellows  at  least  three  months  be- 
fore each  meeting,  and  shall,  in  connection  with  the  Local  Com- 
mittee,  make  all  necessary  arrangements  for  the  meetings  of  the 
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Association.  He  shall  provide  the  Secretaries  of  the  Associa- 
tion with  such  books  and  stationery  as  may  be  required  for  their 
records  and  business,  and  shall  provide  members  and  fellows 
with  such  blank  forms  as  may  be  required  for  facilitating  the 
business  of  the  Association.  He  shall  collect  all  assessments 
and  admission  fees,  and  notify  members  and  fellows  of  their 
election,  and  of  any  arrearages.  He  shall  receive,  and  bring  be- 
fore the  Council,  the  titles  and  abstracts  of  papers  proposed  to  be 
read  before  the  Association.  He  shall  keep  an  account  of  all 
receipts  and  expenditures  of  the  Association,  and  report  the 
same  annually  at  the  first  meeting  of  the  Council,  and  shall  pay 
over  to  the  Treasurer  such  unexpended  funds  as  the  Council  may 
direct.  He  shall  receive  and  hold  in  trust  for  the  Association 
all  books,  pamphlets,  and  manuscripts  belonging  to  the  Associa- 
tion, and  allow  the  use  of  the  same  under  the  provisions  of  the 
Constitution  and  the  orders  of  the  Council.  He  shall  receive  all 
communications  addressed  to  the  Association  during  the  intervals 
between  meetings,  and  properly  attend  to  the  same.  He  shall  at 
each  meeting  report  the  names  of  fellows  and  members  who  have 
died  since  the  preceding  meeting.  He  shall  be  allowed  a  salary 
which  shall  be  determined  by  the  Council,  and  may  employ  one 
or  more  clerks  at  such  compensation  as  may  be  agreed  upon  by 
the  Council. 

Treasurer. 

Art.  15.  The  Treasurer  shall  invest  the  funds  received  by 
him  in  such  securities  as  may  be  directed  by  the  Council.  He 
shall  annually  present  to  the  Council  an  account  of  the  funds  in 
his  charge.  No  expenditure  of  the  principal  in  the  hands  of  the 
Treasurer  shall  be  made  without  a  unanimous  vote  of  the  Council, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall 
be  made  without  a  two-thirds  vote  of  the  Council.  The  Treasurer 
shall  give  bonds  for  the  faithful  performance  of  his  duty  in  such 
manner  and  sum  as  the  Council  shall  from  time  to  time  direct. 
Secretaries  of  the   Sections. 

Art.    16.   The  Secretaries  of  the  Sections  shall  keep  the  records 
of  their  respective  Sections,  and,  at  the  close  of  the  meeting,  give 

(33) 


CONSTITUTION. 

the  same,  including  the  records  of  subsections,  to  the  General 
Secretary.  They  shall  also  be  the  Secretaries  of  the-  sectional 
committees.  The  Secretaries  shall  have  seniority  in  order  of 
their  continuous  membership  in  the  Association. 

Vacancies. 

Art.  17.  In  case  of  a  vacancy  in  the  office  of  President,  the 
senior  Vice-President  shall  preside,  as  provided  in  Article  10^ 
until  the  General  Committee  can  be  assembled  and  the  vacancy 
filled  by  election.  Vacancies  in  the  offices  of  Vice-President, 
Permanent  Secretary,  Secretary  of  the  Council,  Secretaries  of  the 
Sections,  and  Treasurer,  shall  be  filled  by  the  Council  by  ballot. 

Council. 

Art.  18.  The  Council  shall  consist  of  the  Past  Presidents,  and 
the  Vice-Presidents  of  the  last  two  meetings,  together  with  the  Presi- 
dent, the  Vice-Presidents,  the  Permanent  Secretary,  the  General  Sec- 
retary, the  Secretary  of  the  Council,  the  Secretaries  of  the  Sections, 
and  the  Treasurer  of  the  current  meeting,  of  one  fellow  elected  from 
each  Section  by  ballot  on  the  first  day  of  its  meeting,  of  one 
fellow  elected  by  each  affiliated  society,  and  one  additional  fellow 
from  each  affiliated  society  having  more  than  twenty-five  mem- 
bers who  are  fellows  of  the  Association,  and  of  nine  fellows  elected 
by  the  Council,  three  being  annually  elected  for  a  term  of  three 
years.  The  members  present  at  any  regularly  called  meeting  of 
the  Council,  provided  there  are  at  least  five,  shall  form  a  quorum 
for  the  transaction  of  business.  The  Council  shall  meet  on  the 
day  preceding  each  annual  meeting  of  the  Association,  and  arrange 
the  program  for  the  first  day  of  the  sessions.  The  time  and  place 
of  this  first  meeting  shall  be  designated  by  the  Permanent  Secre- 
tary. Unless  otherwise  agreed  upon,  regular  meetings  of  the  Coun- 
cil shall  be  held  in  the  Council  room  at  9  o'clock  A.  M.,  on  each  day 
of  the  meeting  of  the  Association.  Special  meetings  of  the  Council 
may  be  called  at  any  time  by  the  President.  The  Council  shall  be 
the  board  of  supervision  of  the  Association,  and  no  business  shall 
be  transacted  by  the  Association  that  has  not  first  been  referred 
to,    or   originated    with,    the    Council.      The    Council   shall    decide 
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which  papers,  discussions,  and  other  proceedings  shall  be  published, 
and  have  the  general  direction  of  the  publications  of  the  Associa- 
tion; manage  the  financial  affairs  of  the  Association;  arrange  the 
business  and  programs  for  General  Sessions;  suggest  subjects  for 
discussion,  investigation  or  reports;  elect  members  and  fellows; 
and  receive  and  act  upon  all  invitations  extended  to  the  Associa- 
tion and  report  the  same  at  a  General  Session  of  the  Association. 
The  Council  shall  receive  all  reports  of  Special  Committees  and 
decide  upon  them,  and  only  such  shall  be  read  in  General 
Session  as  the  Council  shall  direct.  The  Council  shall  appoint 
at  each  meeting  the  following  subcommittees  who  shall  act,  sub- 
ject to  appeal  to  the  whole  Cotmcil,  until  their  successors  are 
appointed  at  the  following  meeting:  i,  on  Papers  and  Reports; 
2,   on  Members;   3,   on   Fellows. 

General   Committee. 

Art.  19.  The  General  Committee  shall  consist  of  the  Council 
and  one  member  or  fellow  elected  by  each  of  the  Sections,  who 
shall  serve  until  their  successors  are  elected.  It  shall  be  the 
duty  of  the  committee  to  ineet  at  the  call  of  the  President  and 
elect  the  general  officers  for  the  following  meeting  of  the  Associa- 
tion. It  shall  alsobe  the  duty  of  this  committee  to  fix  the  time 
and  place  for  the  next  meeting.  The  Vice-President  and  Secre 
tary  of  each  Section  shall  be  recominended  to  the  General  Com- 
mittee by  the  Sectional  Committee. 

Meetings. 

Art.  20.  The  Association  shall  hold  a  public  meeting  annually 
for  one  week  or  longer,  at  such  time  and  place  as  may  be  deter- 
mined by  vote  of  the  General  Committee,  and  the  preliminary 
arrangements  for  each  meeting  shall  be  made  by  the  Local  Com- 
mittee, in  conjunction  with  the  Permanent  Secretary  and  such 
other  persons  as  the  Council  may  designate. 

But  if  suitable  preliminary  arrangements  cannot  be  made,  the 
Council  may  afterward  change  the  time  and  place  appointed  by 
the  General  Committee,  if  such  change  is  believed  advisable,  by 
two-thirds  of  the  members  present. 
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Art,  21.  A  General  Session  shall  be  held  at  lo  o'clock,  A.  M. 
on  the  first  day  of  the  meeting,  and  at  such  other  times  as  the 
Council    may    direct. 

Sections  and  Subsections. 
Art.  22.  The  Association  shall  be  divided  into  Sections, 
namely: — A,  Mathematics  and  Aslroiioiny;  B,  Physics;  C,  Chemistry; 
including  its  application  to  Agriculture  and  the  Arts;  D,  Mechanical 
Science  and  Engineering;  E,  Geology  and  Geography;  F,  Zoology; 
G,  Botany;  TI,  Anthropology  and  Psychology;  I,  Social  a>id  Eco- 
nomic Science;  K,  Physiology  and  Experimental  Medicine,  h,  Edu. 
cation.  The  Council  shall  have  power  to  consolidate  any  two  or 
more  Sections  temporarily,  and  such  consolidated  Sections  shall 
be  presided  over  by  the  senior  Vice-President  and  Secretary  of 
the  Sections  comprising  it. 

Sectional  Committees. 

Art.  23.  Immediately  on  the  organization  of  a  Section  there 
shall  be  a  member  or  fellow  elected  by  ballot  after  open  nomina- 
tion, who,  with  the  Vice-President  and  Secretary  and  the  Vice- 
President  and  Secretary  of  the  preceding  meeting,  and  the  meinbers 
or  fellows  elected  by  ballot  at  the  four  preceding  meetings,  shall 
form  its  Sectional  Committee.  The  Sectional  Committee  shall 
have  power  to  fill  vacancies  in  their  own  numbers.  Meetings  o' 
the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session.  The  Sectional  Committee  may  invite  distinguished 
foreign  associates  present  at  any  meeting  to  serve  as  honorary 
members  of  said  Committee. 

Art.  24.  The  Sectional  Comrnittee  of  any  Section  may  at  its 
pleasure  form  one  or  more  temporary  Subsections,  and  may  desig- 
nate the  officers  thereof.  The  Secretary  of  a  Subsection  shall, 
at  the  close  of  the  meeting,  transmit  his  records  to  the  Secretary 
of  the  section. 

Art.  25.  No  paper  shall  be  read  in  any  Section  or  Subsections 
until  it  has  been  placed  on  the  program  of  the  day  by  the  Sec- 
tional Committee. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the 
business    of   their    respective    Sections.     They    shall    prepare    the 
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daily  programs  and  give  them  to  the  Perinancnt  Secretary  for 
printing  at  the  earliest  moment  practicable.  No  titles  of  papers 
shall  be  entered  on  the  daily  programs  except  such  as  have  passed 
the  Conimittcc.  No  change  shall  be  made  in  the  program  for  the 
day  in  a  Section  Avithont  the  consent  of  the  Sectional  Committee. 
The  Sectional  Committees  may  refuse  to  place  the  title  of  any  paper 
on  the  program;  but  every  such  title,  with  the  abstract  of  the  paper 
or  the  paper  itself,  must  be  referred  to  the  Council  with  the  reasons 
why  it  was  refused.  The  Sectional  Committee  shall  also  make 
nominations  to  the  General  Committee  for  Vice-President  and 
Secretary  of  their  respective  Sections  as  provided  for  in  Article  19. 
Art.  27.  The  Sectional  Committees  shail  examine  all  papers 
and  abstracts  referred  to  the  Sections,  and  they  shall  not  place 
on  the  program  any  paper  inconsistent  with  the  character  of 
the  Association;  and  to  this  end  they  have  power  to  call  for  any 
paper,  the  character  of  which  may  not  be  sufficiently  tmderstood 
from  the  abstract   submitted. 

Papers   and  Communications. 

Art.  2S.  All  members  and  fellows  must  forward  to  the  Secre- 
tary of  the  proper  Section  or  to  the  Permanent  Secretary,  as 
early  as  possible,  and  when  practicable  before  the  convening  of 
the  Association,  full  titles  of  all  the  papers  which  they  propose 
to  present  during  the  meeting,  with  a  statement  of  the  time  that 
each  will  occtipy  in  delivery,  and  also  such  abstracts  of  their 
contents  as  will  give  a  general  idea  of  their  nature ;  and  no  title 
shall  be  considered  by  a  Sectional  Committee  until  an  abstract 
of  the  paper  or  the  paper  itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  when  called 
upon,  in  the  regular  order  of  the  official  program,  the  title  may 
be  dropped  to  the  bottom  of  the  list. 

Art.  30.  Whenever  practicable  the  proceedings  and  dis- 
cussions at  General  Sessions,  Sections  and  Subsections,  shall  be 
reported  by  professional  reporters,  but  such  reports  shall  not 
appear  in  print  as  the  official  reports  of  the  Association  unless 
revised  by  the  Secretaries. 
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Printed   Proceedings. 

Art.  31,  The  Permanent  Secretary  shall  have  the  Proceedings 
of  each  meeting  printed  in  an  octavo  volume  as  soon  after  the 
meeting  as  possible,  beginning  one  month  after  adjournment. 
Authors  must  prepare  their  papers  or  abstracts  ready  for  the 
press,  and  these  must  be  in  the  hands  of  the  Secretaries  of  the 
Sections  before  the  final  adjournment  of  the  meeting,  otherwise 
only  the  titles  will  appear  in  the  printed  voluiTie.  The  Council 
shall  have  power  to  order  the  printing  of  any  papei  by  abstract 
or  title  only.  Whenever  practicable,  proofs  shall  he  forwarded  to 
authors  for  revision.  If  any  additions  or  substantial  alterations 
are  made  by  the  author  of  a  paper  after  its  submission  to  the 
Secretary,  the  same  shall  be  distinctly  indicated  Illustrations  must 
be  provided  for  by  the  authors  of  the  papers,  or  by  a  special 
appropriation  from  the  Council.  Immediately  on  publication  of 
the  volume,  a  copy  shall  be  forwarded  to  ever)?^  member  and  fellow 
of  the  Association  who  shall  have  paid  the  assessinent  for  the 
meeting  to  which  it  relates,  and  it  shall  also  be  offered  for  sale 
by  the  Permanent  Secretary  at  such  price  as  may  be  determined 
by  the  Council.  The  Council  shall  also  designate  the  institutions 
to  which  copies  shall  be  distributed. 

Local   Committee. 

Art.  32.  The  Local  Committee  shall  consist  of  persons  in- 
terested in  the  objects  of  the  Association  and  residing  at  or  near 
the  place  of  the  proposed  meeting.  It  is  expected  that  the  Locaj 
Committee,  assisted  by  the  officers  of  the  Association,  will  make 
all  essential  arrangements  for  the  meeting,  and  issue  a  circular 
giving  necessary  particulars,  at  least  one  month  before  the  meet- 
ing. 

Library   of  the    Association. 

Art.  33.  All  books  and  pamphlets  received  by  the  Association 
shall  be  in  charge  of  the  Permanent  Secretary,  who  shall  have  a 
list  of  the  same  printed  and  shall  furnish  a  copy  to  any  member 
or  fellow  on  application.  Members  and  fellows  who  have  paid 
their  assessments  in  full   shall   be  allowed  to  call  for  books  and 
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pamphlets,  which  shall  be  delivered  to  them  at  their  expense 
on  their  giving  a  receipt  agreeing  to  make  good  any  loss  or 
damage,  and  to  rettirn  the  same  free  of  expense  to  the  Secretary 
at  the  time  specified  in  the  receipt  given.  All  books  and  pamphlets 
in  circiilation  must  be  returned  at  each  meeting.  Not  more  than 
five  books,  including  volumes,  parts  of  volumes,  and  pamphlets 
shall  be  held  at  one  time  by  any  member  or  fellow.  Any  book 
may  be  withheld  from  circulation  by  order  of  the  Council.  [The 
Library  of  the  Association  was,  by  vote  of  the  Council  in  1S95, 
placed  on  deposit  in  the  Li'brary  of  the  University  of  Cincinnati, 
Ohio.  Members  can  obtain  the  use  of  books  by  writing  to  the 
Librarian  of  the  University  Library,  Cincinnati,  Ohio.] 
Admission    Fee   and    Assessments. 

Art.  34.  The  admission  fee  for  members  shall  be  five  dollars 
in   addition   to   the   annual    dues. 

Art.  35.  The  annual  dues  for  members  and  fellows  shall  be  three 
dollars. 

Art.  36.  Any  member  or  fellow  who  shall  pay  the  sum  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member,  and  as 
such  shaU  be  exempt  from  all  further  assessments,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall  be 
invested  as  a  permanent  fund,  the  income  of  which,  during  the  life  of 
the  member,  shall  form  a  part  of  the  general  ftmd  of  the  Association, 
but,  after  his  death,  shall  be  used  only  to  assist  in  original  research, 
unless  otherwise  directed  by  unanimous  vote  of  the  Council. 

Art.  37.  All  fees  and  dues  must  be  paid  to  the  Permanent  Secretary 
who  shall  give  proper  receipts  for  the  same. 

Accounts. 

Art.  38.  The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
urer shall  be  audited  annually  by  Auditors  appointed  by  the  Council. 

Alterations  of  the  Constitution. 

Art.  39.  No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  General  Session,  after  notice  given  at  a  General  Session  of 
a  preceding  meeting  of  the  Association. 
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MEMBERS  AND  FELLOWS 

OF    THE 

AMERICAN  ASSOCIATION 

FOR    THE 

ADVANCEMENT  OF  SCIENCE. 


SURVIVING  FOUNDERS. 

[At  the  Brooklyn  Meeting,  1894,  a  resolution  was  unanimously 
adopted  by  which  all  the  surviving  founders  of  the  Association 
who  have  maintained  an  interest  in  science  were  made  Honorary 
Life  Members  of  the  Association  in  recognition  of  their  pioneer 
work  in  American  Science.] 

BoYE,  Martin  H.,  Coopersburg,  Pa. 
GiBBS,  WoLcoTT,  Newport,  R.  I. 

PATRONS. 

[Persons  contributing  one  thousand  dollars  or  more  to  the  Association  are  classed  as 
Patrons,  and  are  entitled  to  the  privileges  of  members  and  to  the  publications.  The  names  of 
Patrons  are  to  remain  permanently  on  the  list.) 

Thompson,  Mrs    Elizabeth,  Stamford,  Conn.      (22).     (Died  July, 

1899.) 
Lilly,    Gen.  William,    Mauch   Chunk,  Pa.      (28).     (Died  Dec.    i, 

1893.) 
Herrman,  Mrs.  Esther,  59  West  56th  St.,  New  York,  N.  Y.      (29). 
McMillin,  Emerson,  40  Wall  St.,  New  York,  N.  Y.     (37). 

HONORARY  FELLOWS. 

[See  Article  VI  of  the  Constitution.] 

♦GiBBS,  Prof.  Wolcott,  Newport,   R.   L      (i).      1896.     B  C 
♦Warington,     Robert,   F.   R.  S.,   Rothamsted,  Harpenden,  Eng- 
land.    (40).      1899.     C 
* Westinghouse,  George,  Pittsburg,  Pa.     (50).     1902.     D 
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The  names  designated  by  an  asterisk  (*)  are  tliose  of  Fellows.  (See  Akticlk  IV  of  the 
Constitution.)  The  number  in  parenthesis  indicates  the  meeting  at  which  the  Member  joined 
the  Association  ;  the  date  following  is  the  year  when  made  a  Fellow  ;  the  black  letters  at  end 
of  line  are  those  of  the  Sections  to  which  the  Member  or  Fellow  belongs.  When  the  name  is 
given  in  small  capitals,  it  designates  that  the  Member  or  Fellow  is  also  a  Life  Member.  Any 
Member  or  Fellow  may  become  a  Life  Member  by  the  payment  of  fifty  dollars.  The  income 
of  the  money  derived  from  a  life  membership  is  used  for  the  general  purposes  of  the  Association 
during  the  life  of  the  Member ;  afterwards  it  is  to  be  used  to  aid  in  original  research.  Life 
Members  are  exempt  from  the  annual  assessment,  and  are  entitled  to  the  publications.  1  he 
names  of  Life  Members  are  printed  in  small  capitals  in  the  regular  list  of  Members  and  Fellows. 

The  Constitution  requires  that  the  names  of  all  Members  two  years  in  arrears  shall  be 
omitted  from  the  list,  but  their  names  will  be  restored  on  payment  of  arrearages.  Members  not 
in  arrears  are  entitled  to  the  publications  of  the  Association,  including  the  journal  Science. 

*Abbe,  Cleveland,  Professor  of  Meteorology,  Weather  Bureau,  U. 

S.    Dept.  Agriculture,  Washington,  D.  C.      (i6).      1S74.      AB 

*Abbe,  Cleveland,  Jr.,  Mt.  Weather,  Bluemont.Va.      (44).     1899.     E 

♦Abbe,  Dr.  Robert,  13  W.  50th  St.,  New  York,  N.  Y.      (36).      1892. 

♦Abbot,  Charles  G.,   Smithsonian  Institution,  Washington,    D.  C. 

(49).      1902.      B 

Abbot,  E.  Stanley,  M.  D.,  First  Assistant  Physician,  McLean  Hospital, 

Waverley,  Mass.     (54).      K 
♦Abbott,  Alexander  C,  Univ.  of  Penna.,  Philadelphia,  Pa.       (52). 
1905.     K 
Abbott,    Frank  L.,    Professor  of   Physical   Science,  State  Normal 

School,  Greeley,  Colo.      (50).     BE 
Abbott,  Theodore  Sperry,  C.  E.,  Saltillo,  Coahuila,  Mexico.     (52). 
U 
♦Abel,   John  J.,    Professor  of   Pharmacology,  Johns  Hopkins  Uni- 
versity, Baltimore,  Md.     (51).      1902.     CK 
Abraham,  Abraham,  care  of  Abraham  &  Straus,  Brooklyn,  N.  Y.     (43). 
Abrams,   LeRoy,   Asst.    Prof.    Botany,    Stanford    University,   Cal. 

(54).      G 
♦Acheson,     Edward     Goodrich,     President     of     the    International 
Acheson  Graphite  Co.,  Niagara   Falls,  N.  Y.     (50).      1903.     C 
♦Adams,  Charles  C,  Zoology  Bmlding,  Univ.  of  Chicago,  Chicago,  111. 

(50)-     1903-     E 
Adams,    C.    F.,    Entomologist,    Univ.    Arkansas,    Fayetteville,    Ark. 

(54).     F 
♦Adams,  Charles  Francis,   Head   of   Science   Department,   Central 

High  School,  Detroit,  Mich.     (53).     1906.     B 
Adams,  Comfort  A.,  Prof.  Electrical  Engineering,  Harvard  Univ., 

Cambridge,  Mass.     (47).     B 
♦Adams,  Cyrus  C,  25  Arden  Place,  Yonkers,  N.  Y.     (54).     1906.      E 
Adams,  Edward   Dean,    1414-15    Empire   Bldg.,  New    York,   N.  Y. 

(49). 
Adams,    Frederick   C,    Mechanic  Arts  High  School,  Boston,  Mass. 

(50).      BC 

(4O 


D.    C. 

(54). 

(54). 

1906. 

M.    Y. 

(49). 
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Adams,  John  W.,  Prof,  of  Physics,  McKinley  Manual  Training  School, 

Washington,  D.  C.     (54).      B   G 
Adams,  Mary  W.,  477  Prospect   St.,  New  Haven,    Conn.      (57).     E 
Adams,  Matthew  Prior,  Instructor  in  Physics  and  Chemistry,  State 

Normal  School,  New  Britain,  Conn.     (54).      B    C 
Adams,    Maxwell,    Prof.    Chemistry,    Nevada    State    University, 
Reno,   Nevada.     (57).     C 
*Adler,    Cyrus,    Smithsonian    Institution,    Washington, 

1906.     H 
♦Adler,  Felix,  M.  D.,  123  E.  60th  St.,  New  York,  N.  Y. 

K 
*Adler,    Isaac,    M.    D.,    22    E.   62d    St.,    New  York, 
1903.     K 
Adler,  Leon  N.,  Ph.  D.,  Manufacturing  Chemist,  100  William  St., 

New  York,  N.  Y.      (56).      C 
*Adriance,  John    S.,    105    E.    39th   St.,    New   York,  N.    Y.      (39). 

1895.     C 
Agnew,  Paul  G.,  Bureau  of  Standards,  Washington,  D.  C.     (54).    B 
*Aguilera,  Jose  G..  Director  of  the  Geological   Institute  of  Mexico, 
5a   Cipres,  No.  272S,   Mexico  City,  D.  F.     (53).     1905.     E 
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*Winchell,  Horace  V.,  Room  220,  Grand  Northern  Railway  Bldg., 

St.  Paul,  Minn.      (34).      1890.       CE 
♦Winchell,  Prof.    N.    H.,    113    State   St.,  Minneapolis,  Minn.      (19). 
1874.       E  H 
Windesheim,    Gustave,    M.    D.,     25^    Main    St.,     Kenosha,    Wis. 

(51).     K 

Windsor,   Sarah   Sweet,   M.    D.,    6^7    Boylston   St.,    Boston,   Mass. 

(47).      FH 
Winfield,  James  MacFarland,  M.  D.,47  Halsey  St.,    Brooklyn,  N.  Y. 

(57)- 
Wing,  Henry  H.,  Professor  of  Animal  Husbandry,  Cornell  Univ- 
ersity,  Ithaca,   N.   Y.      (56).       F 
*Winslow,    Charles    Edward    Amory,    Asst.    Prof.    Biology,    Mass. 
Inst.  Tech.,  Boston,  Mass.     (51)-     1903.      F  K 
Winslow,  Mrs.  C.  E.  A.,  care  of  Miss  M.  D.  Hale,  Chestnut  Hill 

Ave.,  Brookline,  Mass.      (52).       F 
Winston,  Isaac,  The  Portner,  Washington,  D.  C.      (55). 
Winter,   Mahlon  A.,   339   Penna.   Ave.,  Washington,  D.  C.      (52). 

D  E  I  K 
Winterhalter,  A.  G.,  Commander,   U.  S.  N.,  U.  S.  S.  Paducah,  care  Post- 
master, Portsmouth,  N.  H.      (37).      1893.       A 
Wiseman,   Carl   Marshall,   Optician,   301   W.  Chestnut   St.,  Louis- 
ville, Ky.     (53). 
♦Wissler,  Clark,  Ph.  D.,  Am.  Mus.  Nat.  Hist.,  77th  St.  and  8tli  Ave.,  New 

York,  N.  Y.     (54).     1906.      F 
♦Withers,  W.  A.,  Professor  of  Chemistry,  North  Carolina  College  of 
Agriculture    and    Mechanic  Arts,  West   Raleigh,    N.    C.      (3^)  . 
iSgr.     C 
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Witherspoon,  Thomas  A.,  Patent  Office,  Dept.  of  Interior,  Wash- 
ington, D.  C.      (52).      C 
*Witmer,    Lightner,    Ph.    D.,    Asst.    Prof.    Psychology,    Univ.    of 

Pennsylvania,  Philadelphia,  Pa.     (46).     1905.      H 
Witte,    Max    Ernest,    M.    D.,    Superintendent    of    Clarinda    State 

Hospital,  Clarinda,  Ta.      (51).      K 
*Witthaus,   Dr.    R.   A.,   55    W.    33d    St.,    New   York,  N.  Y.      (35). 

1890. 
Woefel,  Albert,  M.  D.,  Assistant  in  Physiology,  University  of  Chicago, 

Chicago,  111.     (54).     K 
Woglum,  R.S.,  N.  C.  Dept.  Agriculture,  Raleigh,  N.  C.     (54).     F 
Wolcott,  Edson  Roy,  Prof,  of  Physics,  Colorado    School    of    Mines, 

Golden,  Colo.     (54).     1907.     B 
Wolf,   Ernest,   73-77   9th  St.,  Long  Island  City,    X.   Y.      (57)-       C 
Wolfe,    Elmer    Ellsworth,    Ph.    D.,    Principal   of     the    Academy, 

Marietta  College,  Marietta,  Ohio.      (51).      BCG 
Wolfel,  Paul    L.,    362    Green    Lane,     Roxborough,    Philadelphia,    Pa. 

(51).      D 
*Wolff,  Frank  A.,  Ph.  D.,  Bureau  of  Standards,  Washington,  D.  C.      (47) . 
1900.     B 
Wolff,  Henry  Albert,  M.  D.,  501  West  138th  St.,  New  York,  N.Y. 
(57).       K 
*  Wolff,  Dr.  John  E.,  University  Museum,  Cambridge,  Mass.     (36). 

1894.      E 
*Woll,  Fritz  Wilhelm,  424  Charter  St.,  Madison,  Wis.    (42).    1897.    C 
Wolverton,  Byron  C,  Engineer,  N.  Y.  &  Pa.  Telephone  and  Tele- 
graph Co.,  321-323  Montgomery  St.,  Syracuse,  N.  Y.     (50).      0 
♦Wood,  Arthur  J.,  State  College,  Pa.     (51).     1905.     D 
Wood,    Casey  A.,    D.    C.    L.,    M.    D.,    Pres.    Am.    Acad.    Med.,    72 

Madison  St.,  Chicago,  111.      (56).       FK 
Wood.  Mrs.  Cynthia  A.,  1 17  W.  58th  St.,  New  York,  N.  Y.     (43). 
Wood,  Miss  Elvira,  1435  Euclid  St.,  Washington,  D.  C.      (47). 
Wood,    Fr.\ncis    Carter,   201  West    t;5th   St.,   New   York,  N.  Y. 

(57)-      K 
Wood,  Henry  A.  Wise,  i  Madison  Ave.,  New  York,  N.  Y.      (57). 
Wood,  James,  Mount  Kisco,  New  York,  N.  Y.      (57). 
♦Wood,  Sttiart,  400  Chestnut  St.,  Philadelphia,  Pa.     (51).      1906. 
•*Wood,  Thomas  D.,  M.  D.,  Prof,  of  Physical  Education,  Teachers* 
College,  Columbia  University,  New  York,  N.  Y.     (51).     1902.      K 
Wood,  Walter,  400  Chestnut  St.,  Philadelphia,  Pa.     (33).      F  I. 
Woodbridge,  Frederick  J.  E.,  Professor  of    Philosophy,  Columbia 

University,  New  York,  N.  Y.      (52).     1905.      H 
Woodbridge,    S.     Homer,    Associate    Professor    of    Heating    and 
Ventilation,    Massachusetts   Institute   of  Technology,    Boston, 
,,        Mass.      (56).       D 
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♦Woodbury,   C.   J.    H.,   Amer.   Telephone  and   Telegraph   Co.,    125 
Milk   St.,  Boston,  Mass.      (29).      1884.      D 
Woodbury,    Frank,    M.    D.,    218    South    i6th    St.,    Philadelphia 

Pa.      (52).     K 
Woodliull,  Brig.-Gcn.  Alfred  A.,  U.  S.  A.,  Retired,  46  Bayard  Lane, 

Princeton,  N.  J.     (51).     K 
*Woodhull,  John  Francis,  Teachers'  College,  Alorningside  Heights, 
New  York,  N.  Y.     (43).      1899. 
Woodhull,  Gen.  Maxwell  Van  Zandt,  U.  S.  A.,  2033   G   St.,  N.W., 

Washington,  D.  C.    (52). 
Woodhull,     Marianna,     151     West     76th    St.,  New    York,    N.    Y. 

(57)- 
Woodman,  Joseph  Edmund,  A.   M.,  S.   D.,  Professor  of  Geology 

and  Mineralogy,  Dalhousie  University,  Halifax,  N.  S.      (56).    E 
Woodruff,  Major  Charles  Edward,  Surgeon,  U.  S.  A.,  Plattsburgh, 

N.  Y.      (54).       HIK 
Woodruff,  Lorande  Loss,  Instructor  in  Biology,  Williams  College,  Wil- 

liamstown,  Mass.     (52).     F 
♦Woods,  Albert  F.,  U.  S.   Dept.  Agric,  Washington,   D.  C.   (43). 

1897.     6 
♦Woods,  Charles  D.,  Professor  of  Agriculture,  University  of  Maine, 

Orono,  Maine.       (50).      1901.      G 
♦Woods,   Frederick  Adams,    M.    D.,    1006    Beacon   St.,    Brookline, 
Mass.      (51).      1902.       K 
Woodward,  Augustus  J.,  Mt.  Auburn,  Cincinnati,  Ohio.      (57).       E 
♦Woodward,   Prof.  Calvin  M.,  Washington  University,  St.    Louis, 

Mo.       (32).       1884.      ADI 
♦Woodward,  R.  S.,   President,  Carnegie  Institution,  Washington,  D.  C. 

(33).      1885.      ABD 
♦Woodward,    Samuel    B.,  M.   D.,    58    Pearl    St.,  Worcester,    Mass. 
(51).      1906.      K 
Woodward,    Sherman,    M.    A.    B.,    M.    S.,    Office    of    Experiment 
Stations,    Dept.    Agriculture,    Washington,    D.    C.      (57).       A 
Woodward,  William  Carpenter,  E.  E.,  5  Charles  Field  St.,  Provi- 
dence, R.  I.      (50).      C  D 
♦Woodworth,  C.  W.,  Asst.  Professor  of  Entomology,  University  of 
California,  Berkeley,  Cal.      (50).      1906.      F 
Woodworth,  George  Kcan,  Councillor-at-Law,  31  State  St.,  Boston, 

Mass.      (50).       0 
♦Woodworth,  Jay  Backus,  Assistant  Professor  of  Geology,  Harvard  Uni- 
versity, Cambridge,  Mass.     (54).     1906.     E 
Woodworth,  R.  S.,  Ph.  D.,  Columbia  University,  New  York,  N.  Y. 

(49).      1901.     H  K 
Woodworth,   William  McMichael,  Ph.   D.,   149   Brattle  St.,  Cam- 
bridge, Mass.     (44).     1898.     F 
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Wollen,  William  Watson,  51  S  Am.  Central  Life  Bids?.,  Indianapolis, 
Ind.      (55).       F 

Woolley,   Paul  G.,   U.    D.,   Chief  Medical   Inspector  and  Medical 
Advisor,  His  Siamese  Majesty's  Gov.,  Bangkok,  Siam.    (55).     C 

Wooster,  Lyman  Child,  Ph.  D.,  Prof.  Biology  and  Geology,  State  Nor- 
mal School,  Emporia,  Kans.      (54).     E  F 

Wooton,    Elmer  O.,   Professor  of   Botany,   New   Mexico  Agricul- 
tural College,  Agricultural  College,  N.  M.      (56).      G 
*Worcester,    Dean    C,  U.  S.  Philippine   Commission,    Manila,  P.  I. 
(46).      1903.     F  H 

Worcester,  Wilfred  J.,  342  Lexington  Ave.,  New  York,  N.  Y.      (57) . 

Work,     Wm.     R.,     Carnegie    Technical     Schools,     Pittsburg,     Pa. 

(57)-       D 
Wren,  Christopher,  Plymouth,  Pa.      (54).    H 
Wright,  Albert  Hazens,  Teacher  of  Zoology,  325   Dryden  Road^ 

Ithaca,    N.    Y.      (56).       F 
Wright,   Prof.   Arthur  W.,   Yale  University,   New  Haven,  Conn. 
(14).      1S74.      AB 
*Wright,  Carroll  D.,  LL.  D.,  President,  Clark  College,  Worcester,  Mass. 

(41).     1894.       I 
*Wright,  Fred.  Eugene,  Ph    D.,  U.  S.  Geological  Survey,  Washington, 

D.  C.      (52).      1906.      E 
*Wright,    Prof.    Geo.    Frederick,    Drawer  C,    Oberlin,    Ohio.     (29). 
18S2.      E  H 
Wright,  Jasper  Heman,  Teacherof  Biology,  Avon,  N.  Y.      (56).     FG 
Wright,  John  S.,   Eli  Lily  &  So.,  Indianapolis,  Ind.     (42).      1899. 

G 
W^right,  Jonathan,  M.  D.,  44  W.  49th  St.,  New  York,  N.  Y.     (43).    K 
♦Wright,  Walter  C,  45  Milk  St..  Boston,  Mass.      (54).      1906.     A 
*  Wright,  Walter  Livingston,  Jr.,  Professor  of  Mathematics,   Lin- 
coln University,  Pa.      (50).      1906.     A 
♦Wrinch,  Frank  Sidney,  Pa.  D.,  Instructor  in  Expsrimental   Psy- 
^chology,  Univ.  of  California,  Berkeley,  Cal.      (52).      1906.      EK 
Wuensch,  Alfred  F.,  1220  Corona  St.,  Denver,  Colo.     (50).      CD 
WuNDERLicn,  Frederick:  W.,  M.  D.,  165   Remsen  St.,  Brooklyn, 

N.  Y.      (45). 
Wiirtele,  John  Hunter,  1807  Pacific  Ave.,  Spokane,  Wash.      (48). 
♦Wiirtele,  Rev.  Louis  C,  Acton  Vale,  P.  Q.,  Canada.    (11)."   1875.    E 
*Wurts,    Alexander   Jay,    Prof,    of   Applied     Electricity,    Carnegie 
Technical   Schools,   Carnegie    Institute,   Pittsburg,   Pa.      (50). 
1906.       D 
Wyant,  Alex.  L.,  141  West  85th  St.,  New  York,  N.  Y.      (57). 
Wyatt,  Francis,  20  Fifth  Ave.,  New  York,  N.  Y.      (57).      C 
*Wylie,  Robert  Bradford,  Asst.  Prof.  Botany,  State  Univ.  of  Iowa, 
i^      Iowa  City,  Iowa.      (53).      1905.      G 
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♦Wyman,    Walter,    M.    D.,    Surgeon-General,    Public    Health  and 

Marine  Hospital  Service,  Washington,  D.  C.    (51).      1903.      K 

Yamanouchi,     Shigeo,     Hull     Botanical     Laboratory,     Univ.     of 

Chicago,   Chica:go,   111.      (57). 
Yandell,  Chas.  R.,  14  West  45th  St.,  New  York.  N.  Y.      (57). 
♦Yanney,   Benjamin   F.,    Prof.    Mathematics  and  Astronomy,   Mt. 

Union  College,   Alliance,   Ohio.      (51).     1906.      A 
♦Yarrow,  Dr.  H.  C,  814  17th  St.  N.W.,  Washington,  D.  C.      (23). 
1874. 
Yates,     |.     A.,     State     Manual     Training    School,     Pittsburg,    Pa. 

(50)"      BCG 
Yates,    Lorenzo    Gordin,    Ph.    D.,    President,    See.    Nat.    History, 

Santa  Barbara,  Cal.      (54).       E  FG  H 
Yatsu,     Naohide,      Zoological      Institute,      Imperial      University, 
Tokyo,  Japan.      (56).       F 
♦Yerkes,   Robert  Mearns,   Instructor  in   Comparative   Psychology, 
Harvard  University,  Cambridge,  Mass.      (52).     1905.    K 
Yothers,  W.  W.,  U.  S.    Dept.    of  Agriculture,    Washington,  D.  C 

(55)-       F 
Youmans,  Vincent  J.,  175  Elm  Place,  Mt.  Vernon,  New  York.     (43). 
♦Young,  Miss  Anne    Sewcll,  Mt.  Holyoke  College,  So.  Hadley,  Mass. 
Young,  A.  V.  E.,  Northwestern   University,   Evanston,  111.     (33)  . 
1886.      BC 
♦Young,  C.  A.,  Hanover,  N.  H.      (18).      1874.      ABD 
Young,  Geo.  Albert,  163  Laurier  Ave. West,  Ottawa, Ont.    (57).    E 
Young,   Hugh   Hampton,   M.  D.,    1005   N.  Charles   St.,  Baltimore, 

Md.      (53). 
Young.  Richard   87  Lincoln  Road,  Brookhm,  N.  Y.      (57). 
♦Young,   Stewart   Woodford,   Asst.    Professor  of  Chemistry,  Stan- 
ford University,  Cal.      (50).      190 1.      C 
Young,  Walter  Douglas,  E.   E.,  B.  &  O.   R.R.  Co.,  309  Oakdale 

Road,  Roland  Park,  Baltimore,  Md.      (51).      D 
Zahm,  George,  Assistant  Professor  of  Law,  Yale  University,  New  Haven, 

Conn.      (53).     I 
♦Zalinski,  E.  L.,  U.S.A.,  201  East  i6th  St.,  New  York,  N.  Y      (36). 
1891.      D 
Zeigler,  J.  L  ,  M.  D.,  Mount  Joy.  Pa.       (52).      CGK 
Zeleny,   Anthony,   Assistant    Professor  of   Physics,    University   of 
Minnesota,    Minneapolis,    Minn.      (56).       B 
♦Zeleny,  Charles,  Indiana  University,  Bloomington,  Ind.     (53).     1905     F 
♦Zeleny,    John,    Associate     Professor    of     Physics,    University    of 

Minnesota,  Minneapolis,  Minn.      (50).      1901.      B 
♦Ziwet,    Alexander,  644    S.    Ingalls    St.,   Ann    Arbor,    Mich.    (38). 
1890      A 
Zuber,  Wm.  II.,  Jeanctte,  Pa.        (52).       BC 
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INCORPORATED  SCIENTIFIC  BODIES. 

[Holding  membership  under  the  provisions  of  Article  3  of  the 
Constitution.] 
Arizona,  The  University  of,  Library,  Tucson,  Arizona.      (54), 
Cincinnati,  Public  Library  of,  Cincinnati,  Ohio.     (53). 
Iowa  State  University  Librar\%  Iowa  City,  Iowa.      (54). 
Jersey  City  Free  Public  Library,  Jersey  City,  N.  J.      (52). 
Manchester   Institute  of  Arts   and   Sciences,    Manchester,    N.    H. 

(48). 
Marietta  College  Library,  Marietta,  Ohio.      (51). 
Michigan  State  Normal  College,  Ypsilanti,  Michigan.      (53). 
Mt.  Carmel  Scientific  Society,  Mt.  Carmel,  111.      (50). 
Nebraska,  The  University  of,  Library,  Lincoln,  Neb.      (51). 
N.  P.  Cobum  Library,  Colorado  College,  Colorado  Springs,  Colo. 

(53). 
Ohio  State  University  Library,  Columbus,  Ohio.      (54). 
Philadelphia,    The    Free    Library    of,     12 17-122 1     Chestnut     St., 

Philadelphia,    Pa.      (51). 
P.  M.  Musser  Public  Library,  Muscatine,  Iowa.      (51). 
Pratt  Institute  Free  Library,  Ryerson  St.,  Brooklyn,  N.  Y.    (52). 
St.  Olaf  Library,  Northfield,  Minn.      (52). 
Western  Illinois  State  Normal  School,  Macomb,  111.     (55). 
Wilmington  Institute  Free  Library,  Wilmington,  Del.    (52). 

Summary: 

Corrected    to    December    i,    1907. 

Surviving  Founders,  2;  Patrons,  4;  Honorary  Fellows,  3;  Fel- 
lows, 1,862  ;  Members,  3,193  ;  Total,  5,058. 

NoTB. — The  omission  of  an  address  in  the  foregoing  list  indicates  that  letters  mailed  to 
that  last  printed  were  returned  as  uncalled  for.  Information  of  the  present  address  of  the 
members  indicated  is  requested  by  the  Permasent  Secretary.| 
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DECEASED  MEMBERS. 

[A  list  of  deceased  members  of  the  Association,  so  far  as  known 
at  the  time  of  publishing  the  volume  of  Proceedings  of  the  Spring- 
field meeting.  May,  1896,  is  given  in  that  volume.  At  the  Bviffalo 
meeting  the  Council  directed  the  Permanent  Secretary  to  omit  the 
printing  of  the  full  list  of  deceased  members  in  the  annual  volumes 
and  to  print  only  the  additions  to  the  list.  Since  the  publication 
of  the  list  printed  in  the  New  Orleans  Proceedings  (Vol.  55),  notices 
have  been  received  of  the  decease  of  the  following  members.] 

.^Imond,    Thomas    R.,    Station    A,    Yonkers,    N.    Y.      (51).      Died 

March  3  i ,  1906. 
Atkinson,  Edward,  31  Milk  St.,  Boston,  Mass.      (29). 
Beckwith,    Paul   Edmond,    U.   S.    National   Museum,   Washington, 

D.  C.      Died  June  27,  1907. 
Benjamin,  Raphael,  Hotel  St.  George,  Brooklyn,  N.  Y.      (34). 
Benson,  Frank  Sherman,  Long  Island  Historical  Socety,  Pierrepont 

St.,  Brooklyn,  N.  Y.      (49).      Died  February,  1907. 
Bishop,  Heber  R.,  Mills  Building,  New  York,  N.  Y.      (36). 
Bogert,  Stephen  G.,  39   West   75th  St.,   New  York,   N.   Y.      Died 

February,  1907. 
Bogue,  E.  E.,  Argicultural  College,  Mich. 

Brock,  Robert  C.  H.,  161 2  Walnut  St.,  Philadelphia,  Pa.      (54). 
Brodie,  Paul    Thomas,  Clemson    College,    S.    C.      (50).      Died  No- 
vember 3,  1907. 
Brown,  W.   L.,  42  West  72d  St.,  New  York,  N.  Y.      (50).      Died 

December  13,  1906. 
Bryan,  Walter,  139  East  21st  St.,  New  York,  N.  Y.      (52). 
Bull  Storm,  University  of  Wisconsin,  Madison,  Wis.      (44).      Died 

November  19,  1907. 
Cabot,   Samuel,    70  Kilby  St.,  Boston,  Mass.      (50).      Died  Novem- 
ber 26,  1906. 
Caldwell,    George     C,    Cornell     University,    Ithaca,    N.    Y.      (23). 

Died  September  5,  1907. 
Carroll,  James,  1224  U  St.  N.  W.,  Washington,  D.  C.      (50). 
CiLLY,  Frank  H.,  Massachusetts   Institute  of  Technology,  Boston, 

Mass.      (49).      Died  October,  1905. 
Clark,  Alex.  S.,  W^stfield,  N.  J.     (33)-      Died  November  30,  1906. 
Clark,    Gaylord    Parsons,    Syracuse    University,    Syracuse,    N.    Y, 

(50).      Died  September  i,  1907. 
Coit,  Joseph  Howland,  St.   Paul's  School,  Concord,  N.  H.      (50). 
Cox,  A.   Beekman,   Cherry  Valley,   N.   Y.      (50).      Died^February, 

1906. 
Cummings,  Miss  Clara  E.,Wellesley  College,  Wellesley,  Mass       (47). 
Doughty,  John  W.,   165  Johnston  St.,  Newburgh,   N.   Y.      (19). 

Died  December  12,  1905. 
Evans,  Thomas,  University  of  Cincinnati,  Cincinnati,  Oiho.      (53) 
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Gold,  Theodore  S.,  West  Cornwall,  Conn.      (4).      Died  March,  1906. 
Harriman,   George   B.,   59   Lawrence  Ave.,   Roxbury,   Mass.      (52). 

Died  May,  1905. 
Hasie,  Montague  S.,  Texas  Bridge  Co.,  Dallas,  Texas.      (51). 
Haywood,   John,    Otterbcin    University,    Westerville,    Ohio.      (30). 

Died  December  12,  1906. 
Heilprin,    Angelq,    Academy    of    Natural    Sciences,    Philadelphia, 

Pa.        (52). 
Hodgson,    Richard,    15    Charles    St.,    Boston,    Mass.      (54).      Died 

December  20,  1905. 
Jefferies,  Wm.  W.,  474  Central  Park,  West,  New  York,  N.  Y.      (33). 

Died  February  23,  1906. 
Jenkins,    J.    F.,    48    Chicago    St.,    Tecumseh,    Mich.      (51).      Died 

October,  1906. 
King,  Theo.  Ingalls,  U.  S.  Naval  Observatorv,  Washington,  D.  C. 

^52)-  ■  _ 

Kuntze,   Otto,   Villa   Girola,   San   Remo,   Italy.      (49).      Died  Jan- 
uary 28,  1907. 
Latimer,  Thomas  S.,  211  W.  Monument  St.,  Baltimore,  Md.      (50). 
Lehmann,   G.    W.,  City   Hall  Annex,  Baltimore,   Md.      (30).      Died 

August  5,  1906. 
Livermore,  Mrs.  M.  A.  C,  care  of  F.  P.  Fish,  Prescott  St.,  Longwood, 

Mass.      (29).      Died  November  12,  1906. 
Lloyd,  Andrew  J.,  315  Washington  St.,  Boston,  Mass.      (47). 
Logan,  Walter  S.,  27  William  St..  New  York,  N.  Y.      (36). 
Lufkin,   Albert,   Newton,   Iowa.      (31).      Died  June   27,    1907. 
MacFarland,    W.    W.,    22    William    St.,    New    York,    N.    Y.      (49). 

Died  October  30,  1905. 
McQueeney,   Francis  J.,   46   Dartmouth   St.,   Boston,   Mass.      (51). 

Died  October  i,  1907. 
Magee,    Louis   J.,    25    Broad    St.,    New    York,    N.    Y.      (50).      Died 

July,  1907. 
Merrick,  J.  Vaughan.  Roxborough,  Philadelphia,  Pa.      (54).      Died 

March  28,  1906. 
Michelsen,  Henry,  Denver,  Colo. 
Miller,  Edmund  H.,  Columbia  L'niversity,  New  York,  N.  Y.      (50). 

Died  November  8,  1906. 
Miller,  John  A.,  2500   Park  Ave.,  Cairo,  111.      (22).      Died  January 

7,  1904. 
Mitchell,   Roland    G.,   17    Battery    Place,  New   York,  N.   Y.      (50). 

Died  June  7,  1906. 
Mohr,  Charles,  Lawnton   Ave.,  Oak  Lane,  Philadelphia,  Pa.      (51). 

Died  October  31,  1907. 
Newell,  William  Wells,  Journal  American^Folk  Lore,  Cambridge, 

Mass.      (41).      Died  January  19,  1907. 
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Patton,  John,  925  Michigan  Trust  Co.  Bldg.,  Grand  Rapids,  Mich. 

(50).      Died  May,  1907. 
Paulmier,    Frederick    Clark,    New    York    State    Museum,    Albany, 

N.  Y.      (47).      Died  March,  1906. 
Penfield,  S.  L.,  Yale  University,  New  Haven,  Conn.      (51).      Died 

August.  1906. 
Pettee,  J.  T.,  Meriden,  Conn.      (39). 
Potts,  Howard  Newcomb,  466  N.  7th  St.,  Philadelphia,  Pa.      (54). 

Died  July,  1906. 
Pruyn,  John  V.  L.,  Jr.,  Albany,  N.  Y.      (29). 
Quarles,   James   A.,   Washington   and    Lee    University,    Lexington 

Va.      (55).      Died  April  14,  1907. 
Reese,  Jacob,  Box  554,  Datona,  Fla.      (33)-      Died  March  25,  1907 
Ri:ssell,  Israel  C,  University  of  Michigan,  Ann  Arbor,  Mich.      (25) 
Sayre,   Robert    H.,   South   Bethlehem,    Pa.      (28).      Died  January 

1907. 
ScH.\FFER,    Mrs.    M.A.RV    TowxsEXD    Sharpless,     1309    Arch    St. 

Philadelphia,  Pa.      (38). 
Sheldon,  Walter  L.,  4533  Westminster  Place,  St.  Louis,  Mo.      (54) 
Schermerhorn,  Wm.  C,  49  West  23d  St.,  New  York,  N.  Y.      (36) 
Schuyler,  Philip,  Irvington-on-Hudson,  N.  Y.      (49). 
Serrell,  Edward  Wellman,  Forest  Ave.,  West  New  Brighton,  N.  Y 

(50).      Died  April  24,  1906. 
Siemon,    Rudolf,    22    E.    Jefferson    St.,    Fort    Wayne,    Ind.      (40) 

Died  August  26,  1907. 
Simpson,    Charles    Baird,    Department    of    Agriculture,    Pretoria 

Transvaal.  South  Africa.      (52). 
Steiner,  Roland,  Grovetown,  Ga.      (48). 

Tanner,  Zera  Luther,  2204  R  St.  N.  W.,  Washington,  D.  C.      (52). 
Ward,     Henry    A.,    620     Division    St.,    Chicago,   HI.      (13).      Died 

July  4,  1906. 
Warder,  Robert  B.,  Howard  L'niversity,  Washington,  D.  C.      (19). 
Warington,    Robert,    Rothamsted,    Harpcnden,    England.      (40). 

Died  March  20,  1907. 
Walters,   William,    26   S.   Common   St.,    Lynn,    Mass.      (40).      Died 

1903. 
Williams,   Jacob    Lafayette,    4    Walnut    St.,    Boston,    Mass.      (51). 

Died  May  15,  1906. 
Wilson,    William    Hyatt,    University   of   Wooster,    Wooster,    Ohio, 

(50).      Died  June  24,  1907. 
Wcodman,  Durand,  127  Pearl  St.,  New  York,  N.  Y.      (4O.      Died 

September,  1907. 
Woods,  John  A.,   120   Broadway,   New  York,   N.   Y.      (49).      Died 

March  17,  1907. 
Yale,  Leroy  Milton,  432   Madison  Ave.,  New  York,  N.   Y.      (54)- 

Died  September,  1906. 
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At  the  summer  meeting  of  the  American  Association  for  the  Advancement 
of  Science,  held  in  Ithaca,  N.  Y.,  from  June  28  to  July  3,  1906,  Section  B 
met  in  joint  sessions  with  the  American  Physical  Society.  The  section 
was,  in  an  especial  sense,  the  guest  of  the  department  of  physics  of  Cornell 
University,  for  on  this  occasion  there  occurred  the  formal  dedication  of 
the  new  Rockefeller  Hall  of  Physics.  At  the  dedication  exercises  there 
were  addresses  by  President  Schurman,  Professor  E.  L.  Nichols,  Dr. 
Elihu  Thomson,  Professor  W.  H.  \\'elch  and  by  Professor  \V.  A.  Anthony 
(read  by  Professor  Merritt,  in  Professor  Anthony's  absence).  After  the 
addresses,  the  magnificent  laboratory  was  opened  for  inspection. 

On  account  of  the  interest  in  the  new  laboratory,  no  doubt,  the  attend- 
ance at  the  regular  sessions  was  large,  there  being  about  seventy  present. 
The  president  of  the  American  Physical  Society  being  absent,  the  vice- 
president  of  Section  B,  Professor  \\'.  C.  Sabine,  presided  at  all  the  sessions. 
A  very  interesting  joint  program  of  twenty-seven  papers  was  presented. 
Abstracts  and  titles  are  given  below.  Besides  the  features  already  men- 
tioned, several  receptions  and  excursions,  and  the  general  hospitality  of 
Cornell  University  added  greatly  to  the  enjoyment  of  the  meetings. 
This  summer  meeting  was  very  successful. 

A  New  Type  of  Young's  Modulus  and  Hooke's  Law  Apparatus:  B.  B. 
Br.\ckett,  Clarkson  School  of  Technology. 

This  apparatus  has  a  horizontal  bed  or  base  of  wood,  about  i.S  m.  long, 
20  cm.  wide  and  5  cm.  thick.  At  one  end  is  a  clamp  elevated  6  cm.  to  hold 
the  wire  tested,  and  at  the  other  end  is  a  rather  large  disk  pulley  over 
which  the  wire  is  drawn,  while  weights  attached  to  the  vertical  portion 
of  the  wire  beyond  the  pulley  supply  the  desired  tensions. 

To  compensate  for  the  springing  of  the  light  and  not  very  rigid  base,  an 
easily  rolling  platform  is  placed  upon  the  base,  between  it  and  the  wire. 
One  end  of  this  platform  is  held  by  a  spring  in  firm  contact  with  the  clamp 
just  at  the  point  where  it  grips  the  wire,  but  the  platform  is  entirely  free 
from  the  wire  at  all  other  points. 

A  micrometer  microscope  is  placed  on  the  end  of  the  platform  next  to 
the  pulley  to  read  the  elongations  of  the  wire.  This  arrangement  keeps 
the  microscope  at  the  same  distance  from  the  fixed  end  of  the  wire,  however 
much  the  plank  base  may  be  warped  or  shortened  by  the  tensions  placed 
on  the  wire. 

The  apparatus  is  of  very  simple  construction,  is  easily  used,  quickly 
adjusted,  and  gives  results  of  the  most  satisfactory  kind. 
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A  Convenient  Lecture  Room  Resistance  for  Electrical  Experiments:  B.  B. 
BrackETT,  Clarkson  School  of  Technology. 

The  resistance  is  to  be  used  for  controlHng  the  current  from  a  dynamo 
circuit.      Usually  a  tap  is  made  from  the  lighting  mains. 

Twelve  incandescent  lamps  are  arranged  within  a  partially  open  box,  70 
cm.  long  and  25  cm.  square.  Single  pole,  double  throw  switches  are 
connected  to  the  lamps  so  that  all  possible  parallel  series  and  combination 
groupings  are  readily  obtained. 

While  open  enough  for  ventilation  and  to  make  the  switches  easily 
accessible,  the  containing  box  protects  both  lamps  and  switches  from 
all  the  usual  accidents  to  such  apparatus,  and  enables  one  to  use  it  in  any 
place  or  position,  on  either  end  or  on  any  side. 

All  the  connecting  wires  are  plainly  visible  and  this,  with  the  regular 
arrangement  of  the  switches,  shows  at  a  glance  what  grouping  of  the 
lamps  is  being  used.  Hence  there  is  little  probability  of  making  a  mistake. 
Short  circuits  cannot  be  made  by  any  position  of  the  switches. 

Two  Neglected  Factors  in  the  Determination  of  Musical  Quality:  W.  C. 
Sabine,  Harvard  University. 

The  musical  quality  of  a  sound  in  an  ordinary  room  or  other  confined 
space  is  very  greatly  affected  by  the  character  of  the  walls.  Diagrams  are 
presented  showing  the  effects  of  various  wall  surfaces  and  substances. 
The  other  factor  is  the  sensitiveness  of  the  ear  to  sounds  of  different  pitch 
and  a  diagram  is  presented  showing  the  relative  intensity  for  equal  loudness 
under  ordinary  musical  conditions. 

Silver  Perchlorate  as  the  Electrolyte  for  the  Silver  Coulometer:  Henrv  S. 
Carhart,  H.  H.  Willard  and  W.  D.  Henderson,  University  of 
Michigan. 

A  New  Alternating-current  Galvanometer:  L.  A.  FrEudenbERGER,  Lehigh 
University. 

A  Lecture  Experiment  in  Electrolytic  Thermo-Electromotive  Force:  Henry 
S.  Carhart,  University  of  Michigan. 

Note  on  the  Graphical  Representation  of  Non-Sinusoidal  Alternating  Currents: 
Frederick  Bedell,  Cornell  University. 

Spark  Potentials  in  Liquid  Dielectrics:  Robert  F.  Earhart,  Ohio  State 
University. 

Measurements  on  the  potential  required  to  cause  a  spark  to  pass  between 
a  ball  and  plate  were  made,  with  kerosene,  olive  oil,  parafTm  oil,  and  a. 
transformer  oil  as  the  intervening  dielectrics. 
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Distances  of  separation  vary  from  .003  to  .iiS  nun.  and  were  measured 
in  terms  of  wave-lengths  of  sodium  light.  A  plane  surface  was  attached 
to  the  movable  carriage  of  an  interferometer.  This  was  brought  in  contact 
with  a  ball  mounted  on  the  interferometer  base.  These  were  separated 
and  the  fringes  crossing  the  interferometer  field  noted.  From  this  data 
distances  of  separation  of  the  surfaces  were  computed.  P.D.'s  were 
obtained  from  an  A.C.  transformer  and  were  measured  with  a  Weston 
voltmeter.  The  data  secured  are  compared  with  similar  measurements 
made  by  the  author  when  air  was  used  as  a  dielectric.  Spark  potential- 
distance  curves  for  the  various  oils  used  give  curves  similar  in  form  to 
those  for  air. 

These  experiments  on  the  limited  numl)er  of  oils  used  indicate:  i.  A 
higher  potential  gradient  for  small  than  for  large  distances.  2.  That  for 
small  distances  air  is  a  better  insulator  than  a  liquid  dielectric.  3.  That 
the  potential  at  which  the  bend  in  the  potential-distance  curve  occurs 
is  the  same  for  air  and  the  liquids  operated  upon. 

The  Dispersion  of  Silver  Chloride:  E.  F.  Nichols  and  W.  S.  Day,  Columbia 
University. 

Properties  of  Electric  Charges  on  Moving  Conductors:  E.  F.  Nichols, 
Columbia  University. 

The  Separation  of  Electric  Charges  in  a  Metal  by  Centrifugal  Acceleration: 
E.  F.  Nichols,  Columbia  University. 

Comparative  Observations  on  the  Evolution  of  Gas  from  the  Cathode  with 
the  Glow  Current  in  Helium  and  Argon:  Clarence  A.  Skinner, 
University  of  Nebraska. 

The  Effect  of  Absorbed  Hydrogen  on  the  Photoelectric  Current:  W.  F, 
HoLMAN,  University  of  Nebraska. 

Light  from  a  spark  arc  between  iron  terminals  in  hydrogen  was  directed 
through  a  quartz  optical  system  on  to  a  zinc  disk,  serving  as  cathode — a 
disk  of  aluminum  opposite  serving  as  anode — the  electrodes  being  in  a 
highly  evacuated  chamber.  Under  these  conditions  the  rate  of  leak  of 
negative  electricity  from  the  zinc  was  represented  by  32  scale  divisions 
of  the  measuring  instrument. 

The  zinc  was  then  partially  relieved  of  its  supply  of  hydrogen  by  use 
as  cathode  with  the  glow  discharge  in  hydrogen,  after  which  it  was  again 
tested  as  before  for  its  photoelectric  current,  which  was  found  to  be  now 
represented  by  only  about  22  scale  divisions.  This  test  was  followed 
by  using  the  zinc  as  anode  with  the  glow  discharge  in  hydrogen,  the  object 
of  W'hich  process  was  to  store  up  in  it  a  new  supply  of  hydrogen.  A  test 
of  the  photoelectric  current  as  before  showed  that  it  had  returned  to  its 
first  value,  giving,  namely,  a  deflection  of  about  32  scale  divisions 


246  SECTION   B. 

The  Production  of  Ozone  by  Becquerel  Rays:  Harry  S.  HowER,  Case 
School  of  Applied  Science. 

The  Production  of  Ozone  by  the  Photoelectric  Current  in  Oxygen:  Harry  S. 
HowER,  Case  School  of  Applied  Science. 

Fluorescence  Absorption  in  Resorufin:  Frances  Wicke,  Cornell  University. 

Further  Experiments  on  the  Pliosphorescence  of  Sidot  Blende:  E.  L.  Nichols 
and  Ernest  Merritt,  Cornell  University. 

Magnetograph  Records  of  Earthquakes  with  Special  Reference  to  the  San 
Francisco  Earthquake  of  April  18,  1906;  E.  A.  BauER,  Magnetic 
Survey,  Washington. 

Rotation  and  Elliptic  Polarization  produced  by  Iron  Films  in  a  Magnetic 
Field:  W.  D.  Harris,  University  of  Nebraska. 

Films  were  obtained  on  miscroscope  cover  glass  by  cathode  deposit 
in  vacuo.  The  rotation  of  the  plane  of  polarization  was  measured  by  use 
of  a  Lippich  half-shade  Nicol  prism,  and  the  ellipticity  of  the  light  by 
means  of  a  Brace  half-shade  elliptic  polarizer  and  compensator.  Films 
deposited  in  hydrogen  exhibited  a  rotation  rising  gradually  from  zero  in 
the  violet  to  a  maximum  value  in  the  red.  The  same  films  showed  an  el- 
lipticity of  the  transmitted  ray  increasing  from  a  zero  value  in  the  violet  to 
a  maximum  at  about  600/'//.,  then  a  gradually  decreasing  value  toward  the 
red  end  of  the  spectrum.  With  age  the  values  for  the  longer  wave-lengths 
dropped  to  a  marked  extent.  A  film  of  same  density  deposited  in  nitrogen 
produced  a  smaller  rotation  as  well  as  smaller  ellipticity,  the  latter  possess- 
ing a  maximum  value  at  about  560/^//.  A  film  deposited  in  oxygen  gave 
no  rotation  for  any  wave-length,  but  a  slight  ellipticity,  this  being  a  maxi- 
mum at  about  540,'//'-  and  dropping  rapidly  to  zero  in  passing  toward 
either  end  of  the  spectrum.  All  films  showed  marked  polarity  when 
suspended  in  a  magnetic  field. 

The  film  deposited  in  hydrogen  tested  for  variation  in  ellipticity  with  the 

strength  of  field  showed  this  to  be  proportional  to  the  field  up  to  about 

8,000  C.  G.  S.  units,  after  which  there  was  but  a  small  increase  as  the 

field  was  intensified. 
it 

The  reflected  light  exhibited  in  no  ca.se  any  observable  ellipticity, 
although  three  per  cent,  of  that  observed  in  case  of  transmitted  light 
would  have  been  readily  detected. 

Cobalt  and  nickel  films  deposited  in  hydrogen  showed  a  rotation  similar 
to  iron,  but  no  ellipticity. 

Coefficient  of  Linear  Expansion  at  Low  Temperatures:  H.  G.  EorsEY, 
Cornell  University. 
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New  Diffraction  Spirals:  A.  G.  WEBSTER,  Clark  University. 

The  Calibration  of  Capillary  Tubes:  Wiluard  J.  FiscHER,  Cornell  Univer- 
sity. 

The  Latent  Heat  of  Recalescence  in  Iron  and  Steel:  Frank  II.  H.mlEy, 
Clark  University. 

Thermal  and  Electrical  Effects  in  Soft  Iron  between  100°  attd  218°:  Edwin 
H.  Hall,  Harvard  University. 
This  will  give  the  results  of  a  continuation  of  the  study  which  my 
colleagues  and  I  have  already  published,  in  the  Proceedings  of  the  American 
Academy  for  May,  1906.  The  general  method  followed  has  been  the  same 
as  before  and  the  results  obtained  are  in  general  accord  with  those  which 
we  have  before  obtained  at  a  lower  temperature. 

Note  on  Certain  Aspects  of  Drude's  Electronic  Theory  of  Metallic  Conduction: 
Edwin  H.  Hall,  Harvard  University. 
I  wish  to  raise  the  question  whether  the  expansion  of  metals  is  to  be 
accounted  for  by  the  expansive  force   of  the  imprisoned  electrons   and 
what  effect  these  electrons  should  have  on  the  specific  heat  of  metals. 

The  Capacity  and  Resistance  of  Aluminum  Anode  Films:  C.  McC.  Gordon, 
Central  University  of  Kentucky. 

Films  were  formed  on  aluminum  anodes  with  a  direct  current  of  known 
voltage  and  their  capacity  measured  in  the  Wheatstone  bridge  with  a 
small  alternating  current. 

The  capacity  was  found  to  be  practically  independent  of  the  electrolyte  so 
long  as  water  solutions  are  dealt  with. 

Further  experiments  by  the  writer  have  confirmed  the  greater  thickness 
of  the  sulphuric-acid  film,  as  well  as  the  fact  that  they  do  not  have  any 
smaller  capacity  than  the  others.  With  water-cooled  tubular  electrodes 
sulphuric-acid  films  more  than  0.3mm.  thick  were  formed;  but  their  min- 
imum capacity  values  were  slightly  larger  than  those  of  other  films  whose 
maximum  thickness  could  not  have  been  more  than  o.ooi  mm.  Sodium 
sulphate  gives  films  similar  to  those  in  sulphuric  acid  as  to  both  thickness 
and  capacity. 

These  results  necessitate  the  conclusion  that  with  the  sulphates  the 
insulating  film  is  not  the  whole  film;  but  that  we  have,  superimposed  on  the 
insulating  film,  whose  capacity  is  measurable,  a  conducting  film  many 
times  thicker.  For  solutions  other  than  the  sulphates  there  is  no  evidence 
for  any  such  dual-natured  film. 

The  resistance  of  these  films  as  measured  by  the  Wheatstone  bridge  with 
small  alternating  current  is  inuch  smaller  than  the  apparent  resistance  as 
calculated  from  the  residual  direct  current. 
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Bridge  measurements  were  taken  both  while  the  direct  current  was  still 
acting  and  after  it  was  turned  off,  while  the  switching  on  or  off  of  the  direct 
current  made  no  change  in  the  capacity,  the  resistance  of  the  films  was  only 
about  one-third  as  large  with  the  current  on  as  with  it  off. 

Spark  Potentials  between  a  Point  and  Plane,  for  Small  Distances:  Robert  F. 
EarharT,  Ohio  State  University. 

Measurements  were  made  on  the  P.D.  required  to  cause  a  spark  to  pass 
between  a  needle  point  and  plane  surface.  The  P.D's  were  secured  from  an 
A.C.  transformer  and  were  measured  with  a  Weston  voltmeter.  No.  10 
Sharp  needles  were  used  as  the  point  electrode.  A  large  number  of  needles 
were  examined  with  a  microscope  and  points  approximating  a  pattern 
needle  were  chosen. 

Distances  separating  the  electrodes  were  measured  with  an  interferom- 
eter. 

Curves  representing  the  relation  between  spark-potential  and  distance  are 
similar  to  those  showing  the  same  relation  between  a  spherical  electrode  and 
a  plane. 

For  air,  at  atmospheric  pressure  the  so-called  "minimum  potential"  was 
found  to  lie  between  290  and  310  volts. 

This  value  does  not  agree  with  results  secured  by  other  observers  from 
static  machines.  The  value  given  by  Tamm  is  2, 150  volts  when  the  point 
is  negative  and  3,300  for  a  positive  point. 

Dayton  C.  Miller, 

Secretary. 
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The  meetings  of  the  section  were  held  in  the  lecture  room  of  Sibley  College 
of  Mechanical  Engineering  and  Mechanic  Arts,  of  Cornell  University,  on  Fri- 
day and  Saturday,  June  29  and  30.  They  were  followed  by  the  fourteenth 
annual  meeting  of  the  Society  for  the  Promotion  of  Engineering  Education, 
an  affiliated  society  of  the  Association. 

In  the  absence  of  the  vice-president,  the  retiring  vice-president,  Fred  W. 
McNair,  president  of  the  Michigan  College  of  Mines,  acted  as  chairman  of  the 
section.  Twenty-three  members  of  the  association  registered  as  belonging 
to  the  section,  while  members  of  other  sections  attended  some  of  the  meet- 
ings. Experience  gained  at  this  meeting  has  shown  that  it  is  not  conducive 
to  the  greatest  attendance  to  have  Sunday  intervene  between  the  meetings 
of  the  section  and  of  the  affiliated  society. 

The  first  two  papers  were  by  Byron  B.  Brackett,  professor  of  physics  and 
electrical  engineering  of  the  Thomas  S.  Clarkson  Memorial  School  of  Tech- 
nology, Potsdam,  N.  Y.  The  first  paper  describes  a  "Lamp  Bank  Com- 
posed of  Small  Separate  Units."  Each  unit  consists  of  twelve  incandes- 
cent lamps  arranged  in  a  partially  open  box,  28  inches  long  and  10  inches 
square.  The  boxes  are  open  enough  to  give  perfect  ventilation.  On  one 
side  are  placed  switches  for  cutting  in  or  out  the  lamps  of  that  particular 
box,  and  for  changing  the  grouping  of  the  lamps  into  parallel,  series,  or 
combination  arrangements.  As  many  of  these  units  as  are  desired  may 
be  placed  one  upon  the  other  in  tiers,  and  as  many  tiers  as  are  needed  may 
be  placed  side  by  side  to  form  a  lamp  bank  of  any  capacity.  Each  unit  is 
constructed  to  permit  convenient  interconnection  with  the  adjacent  ones. 
Thus,  the  large  bank  may  be  separated  into  smaller  ones  whenever  desired 
and  reassembled  with  the  least  possible  loss  of  time  and  effort  for  special 
tests  on  large  machines. 

His  second  paper  was  on  an  "Alternating  Current  Wave-Form  Apparatus." 

To  set  the  armature  accurately  for  the  separate  readings  in  the  ballistic 
method  of  tracing  the  E.  M.  F.  wave  of  an  alternator,  a  double  or  duplicate 
brake  apparatus  is  unusually  satisfactory.  Two  similar  clamp  brakes  with 
ong  arms  are  placed  on  the  pulley  side  by  side.  With  the  arms  held  rigidly 
the  desired  readings  for  one  observation  are  made.  Then  brake  No.  i  is  un- 
damped at  the  pulley,  the  end  of  its  arm  released  and  rotated  up  a  short  dis- 
tance to  a  fixed  spot.  Brake  No.  i  is  now  clamped  to  the  pulley,  brake  No. 
2  is  undamped,  the  end  of  No.  i  turned  down  to  its  original  position  and 
No.  2  is  clamped  again.  Thus  the  armature  has  been  rotated  through  a 
small  angle,  that  may  be  computed  with  great  accuracy  from  the  length  of 
the  arms  and  the  distance  through  which  the  end  of  the  arm  of  No.  i  is 
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moved.  The  same  method  may  be  used  wherever  smi'.ll  accurate  rotations 
of  any  shaft  are  desired  and  the  same  apparatus  may  be  used  on  dynamos, 
engines,  and  other  forms  of  machinery. 

A  report  was  made  by  Mansfield  Merriman,  professor  of  civil  engineering, 
Lehigh  University,  South  Bethlehem,  Pa.,  on  "Constant  and  Probable 
Errors  in  the  Estimation  of  Linear  Distances  and  Vertical  Angles,  as  ascer- 
tained by  1,712  Observations  on  128  Students." 

The  observations  were  made  by  asking  students  to  record  their  estimates 
of  the  length,  width,  and  thickness  of  a  board,  and  also  of  the  magnitude  of 
several  vertical  angles.  The  angles  were  estimated  in  degrees  and  also  by 
the  ratio  of  horizontal  to  vertical  projection.  The  following  conclusions 
were  drawn : 

1.  For  lengths,  about  sixty  per  cent,  of  the  estimates  were  too  large,  and 
the  average  constant  error  w^as  always  positive. 

2.  For  angles,  about  eighty  per  cent,  of  the  degree  estimates,  and  about 
sixty  per  cent,  of  the  ratio  estimates,  were  too  large. 

3.  The  estimates  of  vertical  angles  by  the  ratio  method  are  more  accurate 
than  those  by  degrees. 

4.  The  probable  error  of  a  single  estimate  is  larger  than  the  average  con- 
stant error. 

5.  The  estimates  of  the  freshmen  class  had  much  larger  errors  than  those 
of  other  classes. 

This  interesting  example  of  the  application  of  laboratory  methods  to  the 
class-room  created  much  interest  on  the  part  of  the  engineering  teachers 
present. 

The  next  paper  v>as  read  by  the  secretary,  and  described  and  discussed 
the  results  of  "Some  Experiments  on  the  Frictionless  Orifice"  and  was  by 
Horace  Judd  and  Roy  S.  King,  assistant  professors  of  experimental  engi- 
neering at  Ohio  State  University.  The  paper  is  in  sequence  with  one  pre- 
sented by  one*  of  the  authors  at  the  St.  Louis  meeting,  on  "Pitot  Tubes; 
with  Experimental  Determinations  of  the  Form  and  Velocity  of  the  Jets," 
and  which  was  published  in  the  Engineering  News  of  March  31,  1904,  page 
318. 

The  experiments  described  in  the  paper  were  made  on  five  frictionless  ori- 
fices, ranging  in  size  from  three-fourths  inch  to  two  and  one-half  inches  in 
diameter.  The  term  "frictionless  orifice' '  is  one  which  has  been  commonly 
used  in  the  mechanical  laboratory  at  the  Ohio  State  University  for  many 
years.  It  is  the  same  as  what  some  of  the  text-books  call  "an  orifice^in  a 
thin  plate,"  and  indicates  that  there  is  no  appreciable  loss  by  friction  by^a 
stream  of  water  flowing  through  such  an  orifice.  So  far  as  known,the  term 
was  first  employed  as  early  as  1873  by  Professor  S.  W.  Robinson,  emeritus 
professor  of  mechanical  engineering  at  the  Ohio  State  University,  and  will 
be  found  on  page  552  of  Vol.  VI  of  the  Geographical  Reports  of  Ohio,  1886, 
in  his  report  on  the  "Measurement  of  Gas  Wells  and  other  Gas  Streams  and 
the  Piping  of  Natural  Gas." 

*  Science,  N.  S.,  Vol.  XIX,  No.,  479,  March  4,  1904,  p.  364. 
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The  facilities  available  consisted  of  a  closed  standpipe  into  which  several 
pumps  could  force  water.  A  horizontal  drum  was  connected  near  the  bot- 
tom of  the  stand  pipe,  and  in  the  end  of  the  drum  the  orifice  to  be  tested 
was  secured;  the  coordinates  of  the  issuing  jets  were  measured  by  the 
hydraulic  micrometer  caliper,  described  in  a  paper  presented  by  Professor 
Wm.  T.  Magruder  at  the  St.  Louis  meeting  of  the  association.*  The  water 
was  caught  and  measured  in  a  calibrated  cistern. 

The  experiments  were  made  to  find : 

1.  The  coefficient  of  discharge  by  direct  measurement  in  a  calibrated  hy- 
draulic cistern,  (a)  to  verify  existing  constants,  and  (b)  to  find  the  coefficient 
of  velocity  for  comparison  with  that  given  by  the  Pitot  tube,  and  (c)  to  ver- 
ify its  constant.  The  results  show  a  decrease  in  the  coefficient  of  discharge 
of  2.5  per  cent,  with  an  increase  in  the  diameter  of  the  orifice  from  three- 
fourths  inch  to  two  and  one-half  inches.  The  average  value  obtained  was 
0.60664,  a^nd  is  about  1.8  per  cent,  greater  than  that  given  in  Merrim.an's 
"Hydraulics"  (0.5960).  Compared  with  that  of  Bovey  (0.6000), the  result 
obtained  with  the  jet  from  the  one-inch  orifice  (0.6097)  is  1.6  per  cent, 
higher. 

2.  The  shape  of  the  jet  in  the  vicinity  of  the  least  section  as  found  by 
exploring  the  contour  of  the  jet  by  the  special  micrometer  caliper.  It  was 
that  the  distance  from  the  face  of  the  orifice  to  the  least  section  of  the  jet 
varied  from  1.6  radii  for  the  three-fourths  inch  orifice  to  about  one  radius 
for  that  two  and  one-half  inches  in  diameter.  Text-books  on  hydraulics 
give  this  distance  as  being  one  radius,  w-hile  Bazin  found  no  "minimum  sec- 
tion" of  the  jet  flowing  through  a  large  orifice  and  under  low  head. 

3.  The  diameter  at  least  section,  as  found  by  the  special  caliper  for  four 
different  positions,  45°  apart.  From  the  average  diameters,  the  coefficients 
of  contraction  were  computed,  and  they  were  found  to  decrease  from  0.6134 
for  the  three-fourths  inch  orifice  to  0.5955  for  the  two  and  one-half  inch  ori- 
fice, with  an  average  value  of  0.60674.  As  calculated  from  the  average 
results  for  the  coefficients  of  discharge,  the  coefficient  of  velocity  is  the 
quotient  of  the  coefficients  of  discharge  and  contraction,  or  0.60664  divided 
by  0.60674  equals  0.99983.  From  this  result  it  is  thought  that  the  term 
"frictionless  orifice"  is  justifiable. 

4.  The  eff'ect  of  increase  of  static  pressure  on  least  section.  No  appre- 
ciable increase  was  found  in  the  diameter  of  the  least  section  of  the  jet  from 
a  one-inch  orifice  by  increasing  the  pressure  from  5  pounds  to  100  pounds; 
and,  for  pressures  as  high  as  40  pounds,  only  a  slight  increase  was  noticed 
for  the  orifices  one  and  one-half  inches  to  two  and  one-half  inches  in  diam- 
eter. This  latter  was  probably  due  in  part  to  the  increased  roughness  of 
the  contour  of  the  larger  streams. 

5.  The  velocity  in  the  least  section  was  found  by  traversing  the  jet  with  a 
one-fourth  inch  Pitot  tube  used  in  connection  with  a  differential  manome- 
ter. .  It  is  thought  that  the  coefficient  of  velocity  as  determined  by  the  Pitot 
tube  is  unity  within  a  negligible  fraction  of  i  per  cent,  and  that  the  velocity 

*Science,  Vol.  XIX,  No,  479,  March  4,  1904,  p.  364. 
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is  uniform  throughout  the  section.  As  calculated  from  the  average  values 
of  the  coefficients  of  discharge  and  contraction  as  determined  by  experi- 
ment, the  coefficient  of  velocity  was  found  to  be  0.99983.  This  compares 
very  well  with  the  average  value  of  the  coefficient  of  velocity,  0.99993, 
determined  by  means  of  the  Pitot  tube.  This  would  seem  to  verify  the 
statement  that  the  Pitot  constant  is  unity. 

The  paper  shows  that  it  is  the  result  of  most  careful  and  elaborate  inves- 
tigations. It  also  shows  the  inaccuracy  of  certain  statements  which  are 
still  being  published  in  books  on  hydraulics  concerning  the  vena  contracta. 
While  adding  new  facts  to  our  knowledge,  it  gives  us  a  method  for  meas- 
uring quantities  of  water  discharged,  and  with  a  probable  error  which  is 
known  to  be  small  and  less  than  the  probable  error  of  observation.  The 
paper  is  worthy  of  careful  study  and  attention.  It  will  probably  be  pub- 
lished in  the  Engineering  News. 

The  next  paper  on  the  program  was  on  "Some  Aspects  of  the  Panama 
Canal,"  by  Wm.  H.  Burr,  professor  of  civil  engineering,  ColumbiaUniversity, 
New  York,  N.  Y.,  and  a  former  member  of  the  Isthmian  Canal  Commis- 
sion. As  the  paper  has  been  published  in  full,  and  will  be  found  on  page  7 1 
of  the  issue  of  Science  for  July  20,  1906,  its  contents  need  not  be  detailed 
here.  Suffice  it  to  say  that  the  recent  dreadful  earthquake  disaster  at  San 
Francisco  constitutes  the  gravest  warning  in  human  experience  of  the 
advisability  of  constructing  thiscanal  in  such  a  way  as  to  give  it  the  greatest 
degree  of  immunity  from  the  results  of  any  convulsions  of  nature :  and  the 
still  more  recent  earthquake  shocks  on  the  isthmus  should  be  sufficient  to 
set  even  politicians  to  thinking  what  would  be  at  least  one  result  of  an  earth- 
quake to  the  gates  and  walls  of  a  lock  canal  having  85  feet  of  lift. 

In  this  connection  it  should  be  noted  that  while  no  efforts  have  been  made 
to  secure  authors  of  papers  who  were  in  favor  of  the  sea-level  canal,  yet  all 
the  papers  which  have  been  presented  before  this  section  in  the  last  few 
years  have  logically  given  most  excellent  reasons  why  the  canal  should  be 
built  with  the  fewest  possible  locks  and  of  the  least  lift.  Time  will  decide 
whether  the  prediction  is  correct  which  has  been  made  before  this  section 
that  the  high-lock  level  will  have  to  be  rebuilt  before  it  has  been  in  use  ten 
years. 

Henry  T.  Eddy,  professor  of  engineering  and  mechanics.  University  of 
Minnesota,  Minneapolis,  Minn.,  presented  a  paper  on  "The  Theory  of  the 
Flexure  of  the  Symmetrically  Loaded  Plate,  and  the  Heavy  Horizontal 
Disc  of  Varying  Thickness."  Although  the  theory  of  the  elastic  flexure  of 
the  thin  flat  plate  of  uniform  thickness  has  been  long  known  to  the  same 
degree  of  approximation  as  that  of  the  common  theory  of  flexure  of  beams, 
the  theory  of  the  heavy  horizontal  disc  on  a  vertical  axis  and  of  a  thickness 
decreasing  from  the  axis  of  the  rim  has,  up  to  the  present  time,  been  in  a 
somewhat  unsatisfactory  state  from  the  point  of  view  of  the  engineer  who 
would  design  discs  like  those  employed  in  the  Curtis  steam  turbine.  The 
object  of  this  paper  is  to  make  a  contribution  to  this  theory,  which  it  is 
hoped  will  facilitate  both  the  algebraic  and  numerical  treatment  of  such 
units  of  construction. 
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A  paper  was  read  and  illustrated  by  Henry  S.  Jacoby,  professor  of 
bridge  engineering, Cornell  University,  Ithaca,  N.  Y.,  on  the  "Applicability 
of  Displacement  Diagrams  in  the  Design  of  the  Flanges  of  Arch  Ribs  with 
Solid  Webs." 

The  usual  method  of  finding  the  stresses  in  the  flanges  of  arch  ribs  with 
solid  web  plates  involves  the  computation  of  bending  moments  and  axial 
thrusts  at  a  number  of  sections  due  to  dead  and  live  loads,  and  also  when 
there  are  less  than  three  hinges,  for  changes  of  temperature  and  rib  short- 
ening. The  formulas  for  the  determination  of  the  horizontal  reactions, 
while  comparatively  simple  for  ribs  with  a  parabolic  axis,  are  complex  for  a 
circular  axis,  and  entirely  impracticable  for  other  curves  such  as  three  or 
or  five  centered  ovals.  The  method  proposed  is  to  assume  the  solid  web 
plate  to  be  temporarily  replaced  by  an  imaginary  inelastic  system  of  open 
webbing,  the  panel  points  of  each  chord  being  located  in  the  centers  of 
gravity  of  the  corresponding  flange  sections.  It  allows  the  horizontal  re- 
actions to  be  found  by  means  of  displacement  diagrams  which  apply  to  any 
form  of  arch  rib.  The  method  also  affords  the  simplest  means  of  finding  the 
deflections  under  any  loading. 

"Some  Notes  on  the  Teaching  of  the  Cyclic  Analysis  of  the  Gas  Engine" 
was  next  presented  by  Arthur  J.  Wood,  assistant  professor  of  experimental 
engineering,  Pennsylvania  State  College,  State  College,  Pa. 

As  a  basis  for  this  study  and  discussion,  the  results  of  tests  of  a  five 
horse-power  gasoline  engine  were  presented  in  full.  The  distribution  of 
heat  thus  obtained  is  compared  with  results  obtained  by  an  entropy-temper- 
ature analysis  of  one  of  the  indicator  diagrams  in  which  the  losses  are 
shown  graphically.  The  paper  brings  out  the  method  for  finding  the  tem- 
perature at  any  point  in  the  card;  the  heat  of  the  mixture  in  the  cylinder; 
the  average  value  for  the  exponent  of  the  adiabatic  curves  of  expansion  and 
of  compression  and  values  for  difi"erent  parts  of  these  curves;  the  method  of 
obtaining  the  entropy  for  all  points;  and  a  comparison  of  results  of  some 
recent  tests  at  the  Pennsylvania  State  College. 

Certain  conclusions  are  drawn  from  the  study  of  the  subject:  (i)  the 
losses  cannot  be  computed  accurately  unless  the  data  are  taken  more  com- 
pletely and  with  greater  care  than  is  usual  with  such  tests;  (2)  about  20  per 
cent,  of  the  heat  of  the  gasoline  vapor  is  available  for  useful  work  at  full 
load;  (3)  the  common  method  of  obtaining,  by  test,  the  heat  in  the  exhaust 
gases  is  not  satisfactory;  (4)  the  teaching  of  the  entropy-temperature  analy- 
sis without  requiring  the  student  to  make  the  analysis  is  a  pure  waste  of 
time  (the  average  student  in  the  senior  class  ought  to  master  the  whole 
theory  in  a  few  hours,  and  make  the  analysis  in  a  few  days'  time,  and  this 
will  open  to  him  some  of  the  neatest  applications  of  thermodynamics;  a 
complete  analysis  by  a  student  is  presented  in  the  paper) ;  (5)  the  value  of 
the  exponent  of  the  true  adiabatic  curve  is  obtained  from  the  ratio  of  the 
specific  heat  at  constant  pressure  to  the  specific  heat  at  constant  volume 
and  if  this  curve  is  constructed  it  will  bring  out  at  a  glance  where  heat  is 
taken  in  or  given  out,  without  resorting  to  the  entropy-temperature  dia- 


258  SECTION    D. 

gram.  Brief  reference  is  made  to  the  method  known  as  "cyhc  analysis,"  in 
which  the  principal  results  as  mean  effective  pressure  are  obtained  from  the 
heat  put  in,  the  initial  temperature,  the  value  of  the  specific  heat  at  constant 
volume  and  the  temperature  after  compression.  The  author  has  found 
this  method  to  contain  nothing  attractive  as  a  system  for  teaching,  because, 
(i)  it  makes  the  student  a  mere  machine,  substituting  in  derived  formulas; 
(2)  the  value  of  the  heat  for  each  cycle  can  not  be  obtained  accurately  by 
this  method;  and  (3)  it  does  not  open  up  clear,  well-delined  lines  of  applica- 
tion of  the  principles  of  thermodynamics.  The  paper  as  a  whole  aims  to 
make  it  clear  what  data  must  be  obtained  in  order  to  make  an  entropy- 
temperature  analysis  and  how  it  may  be  made  practical  as  a  method  of 
instruction  and  valuable  in  design.  It  further  shows  how  the  principles  of 
thermodynamics  can  be  made  as  clear  in  showing  changes  of  heat  energy  as 
of  mechanical  energy.  In  all  this  the  writer  does  not  depreciate  the 
value  of  the  purely  analytical  methods. 

The  next  paper  was  by  W.  W.  Churchill,  vice-president  and  chief  engineer 
of  the  Westinghouse,  Church,  Keer  Company  of  New  York,  on  "The  Pre- 
servation of  Surface  Condenser  Tubes  in  Plants  using  Salt  or  Contaminated 
Water  Circulation."  The  paper  will  be  published  in  full  in  the  October 
issue  of  Power. 

Owing  to  electrolytic  and  galvanic  action  on  the  tubes  of  a  surface  con- 
denser using  water  containing  salt  or  sewage  for  circulation,  the  use  of  sur- 
face condensers  in  large  power  plants  has  been  very  largely  abandoned  as 
useless.  Under  ordinary  circumstances  the  water  bill  of  such  a  plant  as 
that  described  for  the  Long  Island  City  power  house  of  the  Pennsylvania 
Railroad,  containing  when  fully  constructed  fourteen  5,500  K.W.  generat- 
ing sets,  would  be  in  the  neighborhood  of  $100,000.  An  investigation  was 
undertaken  of  possible  methods  for  preventing  the  rapid  destruction  of  the 
condenser  tubes  and  parts  of  the  condenser.  The  most  competent  opinion 
that  could  be  obtained  was  that  if  the  differences  of  potential  due  to  stray 
ground  traction  or  other  currents  could  be  adjusted  to  be  within  three  volts 
or  less,  the  difficulty  would  cease,  as  the  trouble  was  due  to  stray  grounded 
currents  from  electric  railways.  To  that  end  the  stray  currents  were 
measured,  and  at  times  a  difference  of  potential  of  nine  volts  higher  than  the 
harbor  was  discovered  between  the  railroad  rails  in  the  freight  yard  and  the 
river,  producing  a  considerable  flow  of  current  from  all  parts  of  the  water 
piping  and  other  metallic  substances  in  the  vicinity  of  the  power-house  site 
to  the  harbor 

In  order  to  properly  study  the  real  conditions,  a  number  of  glass  jars  were 
provided  and  various  combinations  of  metals  were  immersed  in  samples  of 
water  taken  from  the  river,  of  sea  water,  and  of  pure  water.  The  action  of 
the  river  water  was  much  more  violent  than  ordinary  sea  water.  It  was 
further  observed  that  there  was  a  local  action  going  on  which  was  galvanic, 
and  that  the  amount  of  stray  currents  caused  the  galvanic  action  to  be  ex- 
ceedingly violent,  and  that  thin  copper  tubes  were  destroyed  at  a  very  rapid 
rate.     They  would  be   punctured  in  from  four  to  live  days,  which  would 
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make  tlieir  use  fatal  in  commercial  practice.  -It  is  thus  evident  that  there 
was  a  violent  action  between  the  zinc  and  copper  of  the  brass  tubes  which 
were  in  contact  with  the  electrolyte.  Even  when  unconnected,  or  electri- 
cally separated,  plates  of  brass  were  placed  in  this  electrolyte,  any  projec- 
tions were  promptly  destroyed.  But  if  an  electric  battery  having  a  pressure 
exceeding  that  of  the  couple  in  the  East  River  water  was  caused  to  act  to 
produce  a  counter  current,  and  having  a  pressure  exceeding  that  of  the  gal- 
vanic couple,  the  capacity  of  this  electrolyte  to  drive  off  atoms  of  the  me- 
chanically combined  metals  of  the  alloys  used  was  overcome  and  corrosion 
was  arrested.  To  do  this  it  was  planned  in  this  case  where  this  couple  is 
about  0.4  of  a  volt  to  put  a  counter  pressure  of  0.6  of  a  volt  on  the  anode. 
In  order  to  in.sulate  the  condenser  as  much  as  possible  from  stray  currents 
from  the  railway,  the  joints  in  the  piping  and  the  ground  contacts  were 
insulated,  and  even  the  large  water  connections  were  lined  with  glass  melted 
onto  the  surface.  To  furnish  the  desired  electromotive  force  a  three-K.W. 
motor-generator  was  installed  and  provided  with  switchboard  apparatus 
and  appliances,  together  v.ith  ammeters  and  voltmeters,  and  a  connection 
to  the  outlying  anode  in  the  condensing  supply  intake  at  its  harbor  end. 
This  led  to  considerable  discussion  as  to  the  methods  and  reasons  why  the 
corrosion  was  prevented.  Reference  was  made  to  Faraday's  laws,  and  to 
the  results  of  the  experiments  of  Helmholtz  and  Clausius.  The  best  expla- 
nation is  given  in  Professor  Oliver  J.  Lodge's  "Modern  Views  of  Electricity." 
All  the  apparatus  was  designed  in  accordance  with  his  theory  and  state- 
ments. Its  operation  has  extended  over  a  period  of  fourteen  months,  and 
with  the  exception  of  about  ten  tubes  which  have  become  pitted,  the  results 
have  been  satisfactory.  When  the  condenser  was  planned,  the  condenser 
manufacturer  was  told  to  slope  the  tubes  down  one  inch  in  the  direction  of 
flow;  but  when  they  performed  th.e  act,  they  forgot  that  the  middle  inclina- 
tion, if  parallel  to  the  first  and  third  passes,  would  then  be  uphill  for  the 
circulating  water,  and  that  when  the  condenser  was  sluxt  down  all  the  water 
would  drain  out  of  this  middle  section  except  that  in  the  bottom  tubes. 
These  bottom  tubes,  it  has  been  found,  have  become  somewhat  corroded, 
although  not  seriously. 

The  cause  for  this  result  having  now  been  found,  its  prevention  has  been 
effected  by  perforating  the  diaphragm  in  tlie  condenser  head  to  permit 
prompt  drainage  of  these  tubes  when  the  condenser  is  taken  out  of  active 
operation.  ConsideraVjle  difficulty  has  been  encountered  in  getting  the  sys- 
tem operated  properly  at  the  voltage  suitable  for  the  prevention  of  gal- 
vanic action  in  the  hands  of  the  regular  operators,  as  they  persisted  for  a 
long  period  in  reading  amperes  instead  of  volts  in  adjusting  the  currents, 
thus  not  providing  except  by  accident  for  the  requirements.  Theefficiency 
of  the  apparatus  amply  justifies  the  expense  of  its  installation,  while  its 
operation  is  not  expensive  and  the  plant  here  described  will  now  be  followed 
by  other  protecting  plants  of  the  same  character. 

This  paper  forms  a  most  excellent  illustration  of  the  application  of  theo- 
retical physics  to  the  solution  of  a  concrete  problem  in  commercial  engineering. 
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The  saving  of  $100,000  a  year  in  water  rates  at  the  expenditure  of  $250,  or 
even  more,  per  year,  in  a  scientific  preventive  should  he  a  sufficient  answer 
to  the  commercial  man  who  asks  "Does  science  pay?" 

The  paper  on  '  'The  Justification  of  the  Use  of  the  Expression  'Engineer- 
ing Mathematics,' "  by  Arthur  E.  Haynes,  professor  of  engineering  mathe- 
ematics,  University  of  Minnesota,  Minneapolis,  Minn.,  describes  the  con- 
ditions as  they  exist  in  a  large  university  of  the  central  west  wherein 
mathematics  is  taught  to  students  pursuing  all  kinds  and  classes  of  courses. 
The  paper  will  be  published  in  full  in  the  Proceedings  of  the  Society  for  the 
Promotion  of  Engineering  Education. 

The  last  paper,  and  in  some  respects  one  of  the  most  interesting  and  val- 
uable papers  presented  before  Section  D,  was  by  J.  J.  Clark,  manager  of  the 
text -book  department  of  the  International  Correspondence  Schools,  Scran- 
ton,  Pa.,  on  "The  Correspondence  School:  Its  Relation  to  Technical  Edu- 
cation, and  Some  of  Its  Results. ' '  The  paper  will  be  published  in  full  in  the 
Proceedings  of  the  Society  for  the  Promotion  of  Engineering  Education  and  will 
doubtless  be  abstracted  by  the  technical  press. 

When  Professor  Edgar  Marburg  read  a  paper*  in  1899  on  "The  Corre- 
spondence School  in  Technical  Education"  there  were  about  80,000  students 
enrolled  in  the  International  Correspondence  Schools.  In  the  following  year 
this  number  had  increased  to  1 8 1 ,000.  Owing  to  a  number  of  circumstances, 
it  was  impossible  at  that  time  to  furnish  reliable  figures  in  regard  to  the 
work  being  accomplished.  Hence  the  reports  which  were  made  were  both 
unsatisfactory  and  unjust  to  the  Correspondence  School.  Since  December 
31,  1899,  the  school  has  grown  at  a  rate  of  more  than  100,000  per  annum; 
the  total  number  enrolled  on  June  27,  1906,  was  902,906.  After  relating 
something  of  the  history  of  the  growth  of  the  schools  and  their  methods  of 
securing  students,  the  author  describes  their  system  of  education  as  being 
based  on  ideas  that  are  almost  the  direct  opposite  to  those  practised  by  the 
regular  schools  and  colleges.  The  regular  technical  school  or  college  aims 
to  educate  a  man  broadly;  the  aim  of  the  correspondence  schools  of  the 
country  is  to  educate  him  along  some  one  particular  line,  and  to  make  each 
course  fit  the  particular  needs  of  the  student  who  takes  it.  Hence,  with  a 
few  exceptions,  almost  every  one  of  the  courses  is  a  special  course. 

The  author  then  describes  other  methods  of  conducting  correspondence 
schools  by  the  use  of  the  regular  text-books  and  correspondence  concerning 
the  difficulties  encountered  by  the  student.  The  author  states  that  such 
schools  have  always  failed  or  made  very  little  progress,  ''for  the  reason  that 
the  ordinary  text -book  is  not  adapted  to  the  use  of  the  person  studying  by 
himself."  Another  method  is  that  of  the  University  of  Chicago,  where 
students  may  take  part  of  their  regular  college  course  at  home.  He  cannot, 
however,  get  his  degree  without  taking  the  balance  in  residence.  This 
plan  offers  few  advantages  over  the  regular  college  course.  The  only 
requirement  necessary  to  become  a  student  of  the   International  Corre- 

*Proceedings  of  the  Society  for  the  Promotion  of  Engineering  Education, 
Vol.  VII,  p.  80. 
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spondence  School  is  the  abiUty  to  read  the  Enghsh  language  and  to  write 
it  sufficiently  well  to  be  understood,  or  to  possess  the  services  of  some  one 
capable  and  willing  to  translate  from  the  text-books  and  write  out  the 
dictation  in  English  of  the  foreign-speaking  student  who  is  unable  to  use 
the  English  language. 

The  text-books  difter,  even  on  the  same  subject  for  the  cour.'^es  for 
which  they  are  to  be  used;  not  only  on  the  method  of  treatment,  but  jjrinci- 
pally  in  the  examples  given  and  the  illustrations  cited. 

The  author  gives  a  number  of  reasons  why  students  do  not  complete  their 
courses,  and  also  mentions  cases  of  students  who  admit  deriving  much 
benefit  from  the  course  but  who  have  never  submitted  an  examination 
paper  for  correction.  Their  instruction  has  been  obtained  solely  from  the 
bound  volumes  which  were  furnished  them  when  they  enrolled.  About  60 
per  cent,  of  the  students  send  in  one  or  more  pieces  of  work.  About  two- 
thirds  of  the  students  pay  in  full  for  their  courses.  AA'hile  the  present  en- 
rollment is  a  little  over  900,000,  the  actual  number  of  students  is  probably 
60  per  cent,  of  this,  or  540,000.  During  the  year  ending  May  31,  1906,  the 
total  number  of  pieces  of  work  received  from  students  was  7 16,952.  About 
one-sixth  of  the  number  of  active  students  have  completed  about  one-third 
or  more  of  their  course  as  shown  by  the  records.  The  number  of  students 
who  have  entirely  completed  their  courses,  passed  their  final  examinations, 
and  been  awarded  a  certificate  or  diploma,  was  12,143  on  June  27,  or  about 
2.6  per  cent,  of  the  total  number  of  active  students.  Between  February  7 
and  April  21  the  number  of  diplomas  issued  averaged  240  per  month.  The 
average  for  next  year  is  estimated  as  high  as  300  per  month,  or  2,700 
diplomas  for  the  year  from  this  one  correspondence  school.  As  this  number 
is  about  the  same  as  the  number  of  engineering  degrees  conferred  per  annum 
by  all  the  technical  colleges  of  the  country,  the  amount  of  work  that  this 
represents,  and  the  amount  of  education  which  is  being  obtained,  can  be 
somewhat  appreciated. 

The  social  sides  of  the  meeting  were  very  well  cared  for  by  the  commit- 
tees of  Cornell  University,  and  have  been  described  in  the  report  of  the 
general  secretary.  A  special  excursion  was  tendered  to  the  section  by  the 
committee  on  Saturday  afternoon  in  the  form  of  a  steamboat  ride  on  the 
steamer  Iroquois,  down  the  lake,  and  which  included  a  visit  to  the  Reming- 
ton Salt  Works  near  Ithaca.  Here  steam  is  generated  and  used  in  steam 
engines  for  the  generation  of  electric  power,  and  the  exhaust  steam  is 
used  in  the  vacuum  pans  of  the  salt  w^orks.  A  feature  of  the  meeting 
which  appealed  to  every  one  was  the  delightful  entertainment  accorded  to 
the  members  in  the  houses  of  the  fraternities.  Altogether  the  meeting  was 
most  enjoyable  and  profitable,  and  both  the  section  and  the  Society  for  the 
Promotion  of  Engineering  Education  desire  to  extend  their  special  thanks 
to  the  trustees,  the  faculty,  and  to  the  fraternities  who  opened  their  houses 
at  Cornell  University. 

W'm.  T.  M.\grudER, 

Secretary. 
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The  section  organized  at  ii  A.  M.,  Friday,  June  29,  directly  after  the  ad- 
journment of  the  first  general  session  of  the  association,  in  the  geological 
lecture  room,  McGraw  Hall,  with  vice-president  and  chairman  A.  C.  Lane 
in  the  chair  and  thirteen  members  and  seven  visitors  present. 

Before  proceeding  with  the  program  of  papers  the  following  preamble  and 
resolution  were  ofTered  by  Mr.  George  H.  Chadwick,  of  Albany,  New  York: 

Whereas  in  the  decease  of  Professor  Israel  C.  Russell  Section  E  has  lost 
an  efficient  officer  and  one  of  its  foremost  w'orkers  and  best  loved  members. 

Resolved,  That  the  section  express  its  deep  sorrow  and  its  sense  of  the 
great  loss  to  geologic  science  through  the  event. 

Remarks  to  the  motion  were  made  by  Messrs.  A.  C.  Lane,  H.  S.  Williams, 
D.  S.  Martin  and  E.  O.  Hovey 

The  following  papers  were  then  read  in  accordance  with  the  printed  pro- 
gram: 

Revision  of  the  Geological  Section  passing  through  Ithaca,  N.  Y.:  Professor 
H.  S.  WiLLi.\MS,  Cornell  University.  (Bypermission  of  the  Director  of 
the  U.  S.  Geological  Survey.) 

The  author  explained  that  the  revision  of  classification  and  nomenclature 
proposed  was  the  result  of  the  formations  examined  in  preparation  of  the 
map  and  folio  of  the  Watkins  and  Catatonk  Quadrangles  now  in  preparation. 
The  section  is  the  standard  section  of  the  New  York  Devonian  as  originally 
defined  and  described  by  Vanuxem  and  Hall  in  1 842-1 843.  The  revision  of 
the  classification  and  nomenclature  is  based  upon  a  critical  study  of  th2 
composition,  sequence  and  range  of  the  fossil  faunas  of  the  Watkins  and 
Catatonk  Quadrangles.  The  thicknesses  are  estimated  as  for  a  generalized 
section  passing  through  the  rocks  at  Ithaca,  N.  Y. 

The  taxonomic  classification  into  series,  formations,  members  and  lentils, 
is  in  accordance  with  the  rules  of  the  U.  S.  Geological  Survey  published  in 
the  24th  Annual  Report  for  1902-1903. 

The  following  chart  expresses  in  brief  the  classifications  and  nomencla- 
ture presented,  the  new  names  having  been  accepted  by  the  committee  on 
geologic  names  of  the  U.  S.  Geological  Survey. 
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SCHEME   OF    CLASSIFICATION    AND   NOMENCLATURE   OF   THE    GEOLOGICAL 
SECTION   PASSING   THROUGH   ITHACA,  N.  Y. 


Formations. 

Members'and  Lentils. 

Section. 

Thickness. 

Chemung.             \ 

Shale  and  sandstone  \ 

formation.            [^ 

Fall  Creek  conglomerate  lentil. 
1 1  'ellsburg  sandstone  member . 

O-IO  ft. 
600-650  ft. 

Cayuta  shale  member. 

600             " 

c 

Nunda. 
Shale  and  flagstone  \ 
formation. 

Enfield  shale  member. 

550-800  ft. 

> 

Ithaca  shale  member. 

80-300  " 

o 

Sherburne  flagstone  member. 

188-260  " 

.a 

Genesee. 
Shale  formation. 

125  ft. 

a 

n 

Tully. 
Limestone  formation. 

10-30  ft. 

"3 

HamiUon. 
Shale  formation. 

Marcellus. 
Shale  formation. 

1,035  ft. 

125  ft. 

Ononkaga. 
Limestone  formation. 

125  ft. 

Oriskany. 
Sandstone  formation. 

0-4  ft. 

The  principal  changes  affecting  nomenclature  are  the  following:  viz.,  the 
Nunda  shale  and  flagstone  jormation  is  the  stratigraphic  equivalent  of  Hall's 
Portage  or  Nunda  group,  the  standard  section  of  which  is  found  in  the 
Genesee  Valley.  The  term  Portage  was  used  by  Hall  for  the  sandstone 
member  at  the  top  of  his  Portage  or  Nunda  Group  as  well  as  in  the  name  of 
the  other  group.  Of  the  two  synonyms  the  first  (Portage)  is  left  to  be 
applied  in  its  specific  sense  to  the  Portage  sandstone  member,  and  Nunda 
b  retained  for  the  formation  name. 

The  lithologically  discriminated  members  of  the  Nunda  characteristic  of 
the  Genesee  Valley  section  {i.  e.,  Cachaqua,  Gardeau  and  Portage)  are  not 
distinguishable  in  the  Ithaca  section.  The  subdivisions  in  the  latter  sec- 
tion are  the  Sherburne  flagstone,  the  Ithaca  shale  and  the  Enfield  shale  mem- 
bers. The  first  of  th.ese  is  the  equivalent  of  the  Sherburne  flagstone  of 
Vanuxem;  the  second  is  the  typical  Ithaca  group  of  Hall  and  later  writers; 
the  third  is  the  "upper  part  of  the  Portage"  of  the  classification  proposed 
by  Williams  in  1884;  and  the  name  Enfield  is  applied  for  the  name  of  the 
town  Enfield  where  the  member  is  typically  exposed. 

The  boundary  between  the  Nunda  and  Chemung  formations  is  established 
on  the  basis  of  change  in  the  generic  composition  of  the  faunas  occurring 
at  the  horizon  indicated.     The  two  genera  Dalmanclla  and  DoiivilHna,  and 
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the  species  Spirifer  disjunctus  are  among  the  more  characteristic  of  the 
forms  marking  this  change.  The  Cayuta  shale  member  contains  the  typical 
Chemung  fauna  of  the  Chemung  Narrows  section;  it  is  paleontologically 
limited  by  the  Nunda  fauna  below,  and  by  the  fourth  of  the  known  zones 
of  Tropidoleptus  appearing  above  the  Hamilton  formation,  to  which  the 
name  Swartwood  Tropidoleptus  zone  has  been  applied  by  the  author  for 
the  outcrop  southwest  of  Swartwood  at  an  altitude  of  about  1,600  feet 
A.  T.,  containing  the  fauna. 

The  name  Cayuta  is  applied  for  the  Cayuta  Creek,  along  the  sides  of 
which  from  Cayuta  Lake  to  its  discharge  into  the  Susquehanna  River 
typical  exposures  of  the  Cayuta  member  may  be  seen. 

The  second  member  of  the  Chemung  is  named  Wellsburg  sandstone 
member  for  its  outcrop  at  Wellsburg  and  above  in  the  hills  of  Ashland. 
It  is  paleontologically  discriminated  by  absence  of  many  common  Chemung 
species  and  lithologically  by  the  more  sandy  nature  of  the  rocks;  and  the 
thin-bedded  slabs  characteristic  of  the  higher  "Catskill"  rocks  are  con- 
spicuous In  the  upper  portion. 

The  Wellsburg  member  is  terminated  above  by  the  Fall  Creek  con- 
g/owerafe /e»/j7,  a  thin  band  of  conglomerate  discovered  in  place  at  the  top 
of  the  Ashland  Hills  and  frequently  visible  in  detached  pieces  on  tops  of 
other  hills  along  the  southern  townships  of  the  state. 

The  Fall  Creek  conglomerate  lentil  is  interpreted  to  be  the  equivalent 
of  the  conglomerate  of  that  name  in  Bradford  and  Tioga  Counties,  Penn- 
sylvania. In  the  beds  immediately  under  the  conglomerate,  and  ter- 
itiinating  the  Wellsburg  member,  occUr  in  great  abundance  the  shells 
of  Leptostrophia  nervosa  and  Orthothetcs  chemiingensis.  To  distinguish 
this  particular  horizon  the  name  Ashland  Leptostrophia  zone  has  been 
applied  to  the  zone  by  the  author.  The  author  stated  that  other  evidence 
obtained  by  comparison  of  this  section  with  others  indicates  that  the 
highest  stratigraphic  extension  of  the  Chemung  fauna  is  not  reached  at 
the  top  of  the  Wellsburg  member,  but  that  to  the  west  and  south  of  this 
section  rocks  stratigraphically  still  higher  may  bear  many  of  the  species 
of  the  Chemung  formations. 

Professor  \\^illiams's  paper  was  discussed  by  Messrs.  J.  C.  Branner, 
C.  A.  Hartnagel  and  D.  S.  Martin. 

Abyssal  Igneous  Injection  as  a  Causal  Condition  and  as  an  Effect  of  Mountain 
Building:  Dr.  R.  A.  D.\ly,  International  Boundary  Commission,  Ottawa, 
Canada.      (Illustrated  with  a  diagram.) 
The  contraction  theory  of  mountain  building  is  hypothetically  extended 
to  cover  the  explanation  of  igneous  intrusion,  geosynclinal  down-warps,  the 
location  of  mountain  ranges,  and  the  common  association  of  intense  moun- 
tain building  with  the  batholithic  intrusion  of  magma.     Among  the  chief 
postulates  are:  (i)  an  earth-crust  about  twenty-five  miles  thick,  overlying 
a  substratum  which,  on  account  of  its  high  temperature,  acts  as  a  viscous 
liquid;  (2)  the  division  of  the  crust  into  a  shell  of  compression  about  five 
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miles  thick,  overlying  a  shell  characterized  by  cooling  tension.  The  shell 
of  tension  extends  from  the  bottom  of  the  shell  of  compression  down  to  the 
substratum. 

One  effect  of  cooling  tension  is  to  produce  cracks  in  the  lower  shell;  these 
are  only  partly  closed  by  the  shearing  of  masses  against  masses.  Because  of 
the  solid  continuity  between  the  two  shells,  some  of  the  tension  remains 
unrelieved.  •    ; 

Tension  in  the  lower  shell  permits  of  the  abyssal  (dike)  injection  of  the 
substratum  fluid  into  the  crust.  This  injection  is  especially  facilitated  in 
earth-zones  established  by  cosmical  stresses.  The  hydrostatic  and  expan- 
sional  pressures  normal  to  the  walls  of  such  an  abyssal  dike  cause  lateral 
creep  and  special  condensation  of  matter  in  the  shell  of  tension.  This 
movement  induces  a  down-warp  of  the  earth's  surface  overlying  the  zone  of 
injection.  When  the  down-warp  is  of  large  size  it  is  a  geosynclinal.  Its 
sedimentary  filling  is  accomplished  through  the  shearing  of  the  shell  of  com- 
pression over  the  shell  of  tension  This  breaking  of  the  solid  continuity  be- 
tween the  two  shells  releases  all  the  accumulated  tension.  As  a  result,  ex- 
traordinarily large  bodies  of  magma  are  injected  from  the  substratum  into 
the  shell  of  tension  beneath  the  mountain-range.  The  assimilation  of  the 
folded  rocks  of  the  range  leads  to  the  formation  of  granitic  batholiths. 

Dr.  Daly's  paper  was  discussed  by  Messrs.  A.  C.  Lane,  J.  C.  Branner  and 
D.  S   Martin. 

Brewsters  Neck,  Connecticut:  Dr.  F.  P.  GuLLivER,  Norwich  Town,  Conn. 
(Abstract  read  by  E.  O.  Hovey.) 

Brewsters  Neck,  Conn.,  is  a  deposit  of  water-laid  sand  and  gravel  lying 
between  the  preglacial  valley  of  the  Thames  River,  and  the  preglacial 
tributary  which  may  be  called  the  Poquetanock  River. 

The  surface  of  this  deposit  rises  from  70  to  85  feet  above  the  level  of  the 
tide  water  as  it  exists  to-day.  It  lies  from  100  to  150  feet  above  the  level  of 
the  bed  of  the  preglacial  Thames  River. 

On  the  east  and  west  sides  of  this  deposit  there  is  a  steep  slope.  On  the 
north  side  the  surface  of  the  deposit  comes  directly  against  the  bed-rock, 
which  at  this  point  is  covered  with  a  thin  deposit  of  till  not  completely 
masking  the  ledges  which  appear  at  various  places. 

On  the  northwest  corner  of  this  deposit  there  are  distinct  lobes  projecting 
toward  the  northwest  and  between  these  lobes  and  the  bed-rock  slope  to  the 
north,  which  is  very  steep  at  this  point,  there  is  a  deep  hollow  which  is 
popularly  called  a  "valley."  The  form  of  this  "valley"  shows  conclusively 
that  it  was  not  formed  by  degradation,  but  by  aggradation. 

On  the  southeast  corner  of  this  deposit  the  surface  merges  gradually  into 
the  gentle  slope  of  a  low  hill,  which  is  bed-rock  covered  with  till.  West  of 
this  hill  is  a  confused  mass  of  kames  and  kettle-holes  which  are  beneath 
sea-level,  and  since  these  are  now  filled  with  water  they  are  used  for  floating 
lumber  for  the  Dawley  Lumber  Yard  at  Fort  Point. 
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Perhaps  the  most  interesting  point  along  the  margins  of  these  depos  ts 
Hes  just  above  these  two  salt-water  ponds,  which  fill  these  kettle-holes. 
The  surface  of  this  deposit,  which  the  author  would  name  a  delta-terrace, 
slopes  from  the  northeast,  where  the  highest  point  is  85  feet  above  the  level 
of  the  sea,  toward  the  southwest,  where  the  surface  is  about  70  feet.  The 
deposit  is  undoubtedly  a  glacial  delta.  Its  distinct  lobes  and  structure  are 
typically  that  found  in  deposits  laid  by  a  stream  emptying  into  standing 
water.  It  is  very  similar  to  the  structure  reported  by  the  author  of  this 
paper  as  occurring  at  the  Navy  Yard,  above  New  London.* 

A  new  point  in  regard  to  the  theory  of  the  formation  of  water-laid  glacial 
deposits  is  believed  to  be  as  follows:  When  the  margin  of  the  ice-sheet  was 
retreating  by  the  annual  summer  melting  faster  than  ice  was  supplied,  the 
ice  remained  longest  in  the  valleys.  Masses  of  ice  would  thus  be  left  in  the 
deeper  valleys  which  would  rise  many  feet  above  the  surrounding  hills.  Be- 
tween these  ice  masses  standing  water  would  occur  either  as  arms  of  the 
ocean  or  as  ice-dammed  glacial  lakes  between  these  ice-blocks.  In  these 
bodies  of  standing  water  the  streams  from  the  melting  ice  would  deposit 
their  sand  and  gravel,  and  at  the  point  where  the  streams  issued  from  the 
ice  there  would  be  eskers  and  ice-contact  slopes.  These  latter  deposits 
would  contain  the  larger  materials,  and  the  fine  sand  would  be  found 
farthest  from  the  point  where  the  streams  issued  from  the  ice.  Where  the 
supply  of  rock  waste  was  sufficient  to  fill  up  the  space  lying  between  these 
ice-blocks,  a  flat -topped  delta-terrace  would  be  formed;  where  the  supply 
was  not  sufficient  to  fill  up  the  water  body,  lobes  would  occur.  These  lobes 
would  project  into  the  water  body,  and  from  the  axis  of  the  arched  layers 
as  shown  in  sections,  the  direction  of  flow  taken  by  a  given  glacial  distribu- 
tary may  be  discovered. 

In  this  deposit,  therefore,  the  lobes  at  the  northwest  corner  show  that  the 
sand  of  which  they  are  built  was  coming  from  the  southeast.  The  arched 
layers  shown  in  the  sections  at  the  southwest  corner  of  this  deposit  indicate 
that  the  material  there  found  came  from  the  northeast.  Other  sections  of 
this  delta-terrace  at  Brewsters  Neck,  as  revealed  by  the  excavations  made 
for  the  State  Hospital,  show  that  in  the  center  of  the  deposit  there  were  alter- 
nating currents  coming  from  both  the  east  and  the  west. 

The  author  believes  from  the  facts  shown  by  these  recent  cuttings  ar.d 
from  the  facts  which  have  long  been  recognized  from  the  surface  form, 
that  this  deposit  was  built  by  streams  issuing  from  two  blocks  of  ice,  one  of 
these  blocks  occupying  the  valley  of  the  glacial  Thames,  the  other  occupy- 
ing the  valley  of  the  tributary  of  the  Thames  River  which  flowed  through 
the  Poquetanock  Valley.  The  slope  of  the  surface  of  this  delta-terrace 
indicates  that  the  last  source  of  the  material  was  from  the  Poquetanock 
ice-block  on  the  east. 

♦"Thames  River  Terraces  in  Connecticut,"  Bull.  Geol.  Soc.  Am.,  Vol. 
10,  1898,  pp.  492-494. 
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Notes  on  the  Geology  of  the  Guaynopiia,  Chihauhau,  Mexico,  Mining  Dis- 
trict: Dr.  E.  O.  HovEY,  American  Museum  of  Natural  History  of  New 
York.     (Illustrated  with  lantern  slides.) 
The  Guaynopita  district  lies  in  the  heart  of  the  Western  Sierra  Madre  in 
northern  Mexico.     It  shows  a  series  of  Cretaceous  limestor.e  and  schist  and 
gneiss  overlain  by  volcanic  rocks  (andesites)  and  invaded  by  granite  in- 
trusions.     Later  volcanics   (basalt,  andesites  and  rhyolites)  have  super- 
vened, basins  have  been  filled  with  sandstones  and  conglomerates,  and  the 
whole  region  has  been  deeply  dissected  by  the  Aros  and  its  tributaries. 

Dr.  Hovey's  paper  was  discussed  by  Messrs.  A.  C.  Lane  and  C.  R.  Dryer. 

The  Relations  of  the  Drainage  of  the  Santa  Clara  Valley,  California,  to  that  of 
the  Pajaro  River:  Professor  J.  C.  BrannER,  Stanford  University. 

Several  years  ago  Dr.  Joseph  Le  Conte  advanced  the  theory  that  the 
drainage  of  the  Sacramento  Valley  of  California  formerly  entered  the  Pacific 
Ocean  through  the  Bay  of  Monterey  instead  of  through  the  Golden  Gate  as  it 
does  at  present.  This  theory  was  based  chiefly  upon  the  absence  of  a  sub- 
merged channel  outside  of  the  Golden  Gate  and  the  presence  of  such  a  chan- 
nel in  the  Bay  of  Monterey.  Later,  the  study  of  the  fish  faunas  of  the 
streams  of  California  by  Professor  C.  H.  Gilbert  and  his  colleagues  showed 
that  there  had  formerly  been  some  connection  between  the  Sacramento,  the 
Coyote,  the  Pajaro,  the  Salinas  and  various  other  streams  that  are  now 
separate.  These  faunal  relations  seemed  to  give  strong  support  to  the 
theory  of  the  newness  of  the  Golden  Gate  channel. 

Later  study  shows  that  the  mingling  of  these  faunas  may  be  explained 
otherwise.  During  the  glacial  epoch  the  region  in  question  stood  from 
2,000  to  3,000  feet  higher  than  it  does  at  present.  The  Bay  of  San  Fran- 
cisco did  not  then  exist,  but  the  Sacramento  and  Coyote  drainage  flowed 
through  it.  Coyote  Creek  rising  on  the  western  slope  of  the  Mt.  Hamilton 
range  flowed  into  the  Santa  Clara  Valley  at  the  top  of  the  watershed 
between  the  present  Coyote  Creek  and  the  Pajaro  drainage.  An  alluvial 
cone  was  built  up  on  the  flat  valley-floor  where  the  Coyote  emerged  on  the 
plain  of  the  Santa  Clara  Valley.  As  this  cone  grew  the  Coyote  swung  from 
side  to  side,  emptying  its  waters  now  into  the  Bay  of  San  Francisco  and  now 
into  the  Bay  of  Monterey.  Fishes  ascending  from  the  Sacramento  into  the 
Mt.  Hamilton  range  could  later  descend  into  the  Pajaro  drainage.  The 
elevation  of  the  coast  at  that  period  carried  the  mouth  of  the  Pajaro  farther 
toward  the  west,  so  that  fishes  could  pass  from  the  Pajaro  into  the  San 
Lorenzo  and  into  the  Salinas  without  entering  the  sea. 

The  depression  following  the  glacial  epoch  submerged  the  mouth  of  the 
Sacramento  forming  the  Bay  of  San  Francisco,  and  separated  the  San 
Lorenzo  from  the  Pajaro  and  the  Salinas  Rivers.  The  decreased  precipita- 
tion diminished  the  volume  of  Coyote  Creek  and  it  ceased  to  build  the  cone 
near  Madrone  vStation,  and  since  then  it  has  flowed  toward  the  Bay  of  San 
Francisco  and  has  been  cutting  into  its  alluvial  cone. 

Professor  Branner's  paper  was  discussed  by  Messrs.  T.  C.  Hopkins,  C.  R. 
Dryer,  A.  C.  Lane,  George  H.  Chadwick  and  E.  O.  Hovey. 
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The  Geology  of  Coon  Butlc,  Arizona:  Messrs.  D.  M.  BarringER  and  B.  C. 
TiLGHMAN,  Coon  Butte,  Arizona.  (Illustrated  with  diagrams  and  spec- 
imens and  presented  by  J.  C.  Branner.) 

Coon  Butte,  Ariz.,  is  a  low  crater-like  hill  six  miles  south  of  Sunshine 
Station  on  the  Santa  Fe  Railway,  and  abotit  twenty-five  miles  southeast  of 
Flagstaff.  The  general  geology  of  the  surrounding  country  is  very  simple, 
consisting  of  horizontal  beds  of  red  sandstone,  silicious  limestone,  white 
sandstone  and  light  brown  sandstone,  each  bed  being  clearly  distinguished 
from  the  others.  In  this  plain  is  a  pit  about  600  feet  deep  and  three  quar- 
ters of  a  mile  across.  The  edges  of  the  beds  exposed  in  the  pit  are  all  turned 
sharply  upwards.  The  slopes  of  the  ridge  around  the  pit  are  covered  wath 
blocks  and  fragments  of  rocks  like  those  exposed  w-ithin  the  pit.  Several 
years  ago  Mr.  G.  K.  Gilbert  made  a  study  of  Coon  Butte.  He  appears  to 
have  supposed  at  first  that  it  was  formed  by  a  meteor  striking  the  earth. 
His  final  conclusion  was,  however,  that  it  was  caused  by  a  steam  explosion. 

Some  years  ago  a  mining  company,  acting  upon  the  theory  that  the  Coon 
Butte  pit  was  made  by  a  meteor,  began  a  systematic  search  for  the  mass  in 
the  bottom  of  the  crater-like  depression.  Their  explorations  show  that  the 
region  has  yielded  several  tons  of  meteoric  iron,  and  that  a  large  number  of 
pieces  of  this  iron  have  been  found  interbedded  with  the  debris  thrown  from 
the  pit.  The  distribution  of  the  irons  on  the  surrounding  plain  also  lends 
strong  support  to  the  idea  that  the  depression  was  made  by  a  meteor  strik- 
ing the  earth.  The  bottom  of  the  pit  is  filled  with  fossiliferous  fresh-water 
deposits  to  a  depth  of  about  eighty  feet. 

Messrs.  Barringer's  and  Tilghman's  paper  was  discussed  by  Messrs.  J.  C. 
Branner,  A.  C.  Lane  and  E.  O.  Hovey. 

Recess  was  taken  from  12 145  to  3  45  on  account  of  lunch  and  the  dedica- 
tion of  Rockefeller  Hall. 

Saturday,  June  30.  Excursion  to  Union  Springs  under  the  leadership  of 
Professor  G.  D.  Harris,  of  Cornell  University.  This  was  participated  in  by 
thirteen  members  of  the  section.  The  stratigraphy,  paleontology  and 
physiography  of  the  region  were  studied. 

Monday,  July  2.  An  excursion  by  boat  to  various  points  of  interest  at 
the  southern  end  of  Cayuga  Lake  under  the  leadership  of  Professor  G.  D. 
Harris,  which  was  participated  in  by  eighteen  members  of  the  section  and 
association.  The  succession  of  Devonian  beds  along  the  lake  shores  was 
noted,  peculiarities  of  shore-line  and  delta  formations  observed,  and  the 
erosion  of  the  strata  as  exemplified  in  the  Taughannock  Falls  studied.  The 
Glen  wood  intrusive  dike  w-as  visited. 

Tuesday,  July  3.  An  excursion  to  Enfield  Glen  under  the  leadership  of 
R.  H.  \\'hitbeck  of  the  State  Normal  School,  Trenton,  N.  J.,  which  was  par- 
ticipated in  by  fifteen  members  of  the  section  and  association.  The 
glacial  phenomena  of  Cayuga  \'alley,  the  geology  of  the  lateral  valleys,  the 
jointed  structure  of  the  rocks  and  the  Enfield  Falls,  were  the  natural  fea- 
tures of  particular  interest. 
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After  lunch  at  the  Enfield  Glen,  Professor  C.  R.  Dryer,  of  the  State  Nor- 
mal School,  Terre  Haute,  Ind.,  gave,  by  invitation,  a  carefully  prepared 
paper  upon  "The  Geologic  Features  of  the  Finger  Lake  Region,  New 
York. ' ' 

Western  New  York  may  be  divided  into  four  physiographic  regions:  (i) 
the  Iroquois  plain,  (2)  the  drumlin  belt,  (3)  the  Finger  Lake  belt,  (4)  the 
Allegheny  Plateau.  The  Finger  Lake  belt  lies  on  the  northward  slope  of 
the  plateau  and  is  trenched  hy  numerous  north-south  valleys,  many  of 
which  contain  lakes.  The  valleys  are  long,  narrow,  straight  or  but  slightly 
curved,  llat-bottomed,  from  1,500  to  2,500  feet  deep  and  partly  filled  with 
sediment.  The  rock  floor  of  the  Cayuga  Valley  is  55  feet  below  the  sea 
level  and  that  of  the  Seneca  Valley  at  least  556  feet.  The  slopes  of  the 
valley  walls  are  smooth,  symmetrical,  devoid  of  spurs,  and  below  the 
900-foot  level  are  sharply  over  steepened.  The  wide,  open,  mature  valleys 
of  the  tributary  streams  are,  with  a  few  exceptions,  "hung  up"  at  the  edge 
of  the  steepened  slope  and  the  streams  drop  by  rapids  and  falls  through 
narrow  rock  gorges,  to  the  lake  level.  Enfield  Creek  has  in  its  upper  course 
a  fall  of  about  30  feet  to  the  mile,  then  it  makes  a  nearly  vertical  fall  of  210 
feet  and  descends  450  feet  in  one  mile  and  a  half  to  the  level  of  Cayuga  Inlet. 
If  the  slope  of  the  upper  part  be  extended  out  into  the  air  it  would  pass  500 
feet  above  the  present  mouth  of  the  stream.  Within  sight  on  the  southern 
horizon  is  a  notch  or  gap  600  feet  deep  and  one-fourth  of  a  mile  wide  which 
leads  from  the  head  of  this  stream  through  to  the  Chemung  drainage  with- 
out any  definite  divide. 

The  physiographic  problems  of  this  region  are  many,  but  the  features 
just  enumerated  can  have  but  one  meaning.  Main  valleys  oversteepened, 
overdeepened,  and  too  straight  and  smooth  to  be  the  work  of  streams  alone, 
tributary  valleys  hanging  hundreds  of  feet  above  their  immediate  base-level, 
a  main  divide  notched  by  through-going  gaps — these  are  as  characteristic  of 
glaciated  and  ice-shaped  regions  as  the  features  of  Alaska,  the  Alps,  Norway 
or  New  Zealand.  In  face  of  the  fact  that  such  peculiar,  strongly  marked 
and  abnormal  features  always  occur  concordantly  in  regions  known  to  have 
been  extensively  glaciated,  any  other  hypothesis  than  that  they  are  due 
directly  or  immediately  to  ice  action  of  some  kind  seems  gratuitous  and 
impertinent.  To  set  up  such  trifles  as  a  patch  of  residual  soil,  an  island  in 
the  lake,  a  shore  clifi",  etc.,  as  competent  to  negative  the  evidences  of  glacial 
erosion  is  to  swallow  gnats  and  strain  out  a  camel.  A  gnat  may  be  as  diffi- 
cult to  explain  as  a  camel,  but  it  is  of  relatively  little  consequence  whether 
he  is  explained  or  not.  As  a  means  of  progress  across  the  desert  of  hypothe- 
sis to  the  oasis  of  conclusion,  the  camel  may  be  relied  on  and  the  gnats  that 
annoy  him  disregarded. 

The  various  sessions  and  excursions  of  the  section  were  attended  by  thirty 
different  members  of  the  association. 

The  section  finally  adjourned  at  about  4  P.  M.,  Tuesday,  July  3. 

Edmund  Otis  Hovey, 

Secretary. 
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Section  F  at  the  Ithaca  meeting  held  joint  sessions  for  the  reading  of 
papers  with  the  American  Microscopical  Society,  June  29  and  30.  The 
following  papers  were  read  under  the  auspices  of  Section  F. 

Chromosome  Relations  in  the  Spermatocytes  of  Oniscus:  M.  LouisE  Nichols 
University  of  Pennsylvania. 
In  the  equatorial  plate  of  the  first  maturation  division,  chromosomes 
differing  from  each  other  in  shape  may  be  discovered.  They  are  of  three 
kinds:  First,  straight  or  dumb-bell-shaped,  in  which  the  halves  of  the 
bivalent  chromosome  lie  end  to  end;  second,  curved  or  crescent-shaped, 
in  which  the  halves  lie  end  to  end  but  with  the  extremities  curved  toward 
each  other;  third,  a  form  in  which  the  halves  lie  side  by  side.  In  each 
type  a  split  may  be  seen  running  the  length  of  the  individual  chromosome 
and  the  first  division  is  reductional.  In  the  prophases  of  the  first  matura- 
tion division,  chromosomes  of  the  first  and  second  types  are  present  as 
straight  or  curved  rods;  the  third  type  is  represented  frequently  by  rings, 
complete  or  nearly  so,  occasionally  by  V-shaped  structures.  The  reduced 
number  of  chromosomes,  as  far  as  could  be  determined,  is  sixteen.  Of 
this  number,  two  have  the  ring  form  in  the  prophase,  two  the  crescent  form, 
while  the  remainder  are  straight  or  dumb-bell  shaped.  The  chromosomes 
vary  somewhat  in  size,  but  the  dift'erences  are  not  strikingly  great.  The 
largest  have  the  ring  form,  but  the  smallest  are  straight.  A  tendency 
to  localization  in  the  nucleus  is  observable.  The  ring  forms  usually  lie 
on  opposite  sides  of  the  nucleus,  separated  by  a  crescent.  Similarly  the 
crescent  forms  lie  on  opposite  sides  with  a  ring  between. 

Notes  on  the  Poison  Organs  in  Fishes:  H.  D.  Reed,  Cornell  University. 

Axillary  poison  glands  are  found  in  all  species  of  Noiurus  and  Schilbeodes. 
In  S.  gyrinus  and  5.  nocturnus  poison  glands  are  found  enveloping  the 
pectoral  and  dorsal  spines.  Wherever  found  these  glands  are  invagina- 
tions of  the  skin,  in  which  respect,  as  well  as  in  structure,  they  are  identical 
with  the  poison  organs  of  the  weever  fishes. 

Exhibition  of  Bird  Drawings:  L.  A.  FuERTES,  Ithaca,  N.  Y. 

Exhibition  of  and  Remarks  upon  Certain  Rare  or  Unique  Specimens  in  the 
Cornell    University    Museum    of    Neurology    and    Vertebrate    Zoology 
Burt  G.  Wilder,  Cornell  University. 
Among  the  specimens  are  the  smallest  recorded  manatee  fetus;  a  human 
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embryo  about  401111.  long  attached  to  the  vitellus;  an  embryo  shark  with 
undivided  cerebrum;  the  brain  of  the  anguin,  or  frilled  shark,  presenting 
the  indifferent  relation  of  the  cerebral  and  olfactory  portions  more  rearly 
than  in  any  other  known  vertebrate;  the  brain  of  Ceratodus,  presenting 
the  characteristic  dipnoan  ventral  cerebral  extensions;  the  brains  of 
Tarsius,  Cheiromys  and  all  the  anthropoid  apes;  the  brain  of  the  manatee; 
the  brain  of  a  sheep  with  defective  callosum  and  fornix,  and  that  of  a  cat 
lacking  these  parts  altogether;  that  of  a  child  born  at  term  with  the  cere- 
bral hemispheres  in  the  fetal  condition  of  large  cavities  and  thin  parietes; 
an  adult  human  brain  with  an  extra  precommissure ;  the  brains  of  two 
philosophers  and  mathematicians  differing  markedly,  and  that  of  a  mulatto 
resembling  one  of  the  former;  the  brain  of  a  dentist  presenting  two  self- 
inflicted  pistol-ball  wounds;  the  separable  dental  laminae  of  a  young 
elephant:  mastodon  teeth  and  bones  from  near  Ithaca;  the  brains  of 
some  rare  Japanese  sharks. 

Sex  Differentiation  in  Dinophilus:  Edwin  G.  Conklin,  University  of 
Pennsylvania,  Philadelphia. 

Korschelt  (1882)  discovered  that  Dinophiius  apatris  lays  two  kinds  of 
eggs,  the  one  three  times  the  diameter  of  the  other;  and  he  further  deter- 
mined the  important  fact  that  the  small  eggs  invariably  develop  into  males 
and  the  large  ones  into  females.  He  did  not,  however,  study  the  oogenesis 
of  these  two  kinds  of  eggs.  The  occurrence  some  years  ago  of  a  related 
species  of  Dinophilus  in  the  marine  aquaria  at  the  University  of  Pennsyl- 
vania gave  me  an  opportunity  to  study  this  problem. 

The  earliest  stages  in  the  developing  ovary  of  Dinophilus  which  I  have 
examined  show  only  one  kind  of  primitive  egg-cells  or  oogonia.  These 
cells  are  very  small  and  details  of  their  structure  are  not  readily  made  out, 
but  all  are  approximately  of  the  same  size.  The  size  and  structure  of  these 
cells  and  of  their  nuclei  are  apparently  the  same  in  all  cases.  I  have 
repeatedly  seen  the  last  oogonial  division,  but  the  chromosomes  are  so 
small  and  numerous  (about  20)  that  it  has  not  been  possible  to  distinguish 
any  constant  difference  either  in  the  number  or  in  the  shapes  of  these 
chromosomes. 

After  the  oogonia  have  entered  upon  the  growth  period  and  have  reached 
about  twice  their  original  diameter  they  begin  to  fuse  together  and  in  this 
process  at  least  twenty-five  or  thirty  fuse  to  form  the  female  eggs,  while 
a  much  Smaller  number  fuse  to  form  the  male  eggs,  a  fact  recently  reported 
by  R.  Hertwig  (1905).  In  the  fusion,  the  cell  boundaries  first  disappear 
and  then  some  time  later  the  nuclear  membranes  dissolve  and  the  nuclear 
contents  are  scattered  in  the  cell,  where  they  slowly  dissolve.  Only  ore 
nucleus  remains  in  the  syncytium;  this  is  in  most  cases  centrally  placed, 
but  I  have  been  unable  to  determine  whether  its  survival  depends  upon 
its  position  or  upon  some  intrinsic  difference. 

In  the  fully  formed  ovarian  eggs  the  nucleus  of  the  small  eggs  is  relatively 
larger  than  that  of  the  large  ones,  as  R.  Hertwig  (1905)  has  stated,  the 
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relative  diameter  of  the  nucleus  to  the  entire  cell  being  about  1:4  in  the 
case  of  the  male  eggs  and  about  i :  6  in  the  case  of  the  female  eggs.  In 
this  fact  Hertwig  thinks  we  have  the  cause  of  sex  determination.  It  is 
doubtful  whether  this  can  be  accepted  as  a  general  explanation,  and  even 
in  the  case  of  Dinophilus  it  is  not  certain  that  it  is  the  true  explanation. 
The  relatively  greater  size  of  the  nucleus  in  the  male  eggs  is  probably 
due  to  the  smaller  number  of  cells  which  fuse  to  form  the  cell  body,  and 
this  may  result  from  the  relative  isolation  of  the  male  eggs  as  compared 
with  the  crowding  of  the  female  eggs. 

In  the  first  maturation  division  the  chromosomes,  though  small,  may 
be  counted,  and  it  is  found  that  there  are  ten  in  both  male  and  female 
eggs.  No  differences  in  the  size  of  individual  chromosomes  can  be  detected 
in  the  two  kinds  of  eggs. 

The  manner  in  which  the  primary  oocytes  fuse  together  to  give  rise  to 
the  male  or  female  eggs  suggests  that  the  position  of  the  eggs  in  the  ovary 
and  their  relative  isolation  or  crowding  may  here  be  the  sex-determining 
factor. 

Glycogen  in  the  Nervous  Tissue  of  Embryo  Mammals,  with  Demonstration: 
Simon  H.  Gage,  Cornell  University. 
From  the  first  discovery  of  glycogen  in  animal  tissue  by  Claude  Bernard 
in  the  fifties  until  the  present  time,  all  investigators  assert  that  glycogen 
is  not  present  in  nervous  tissue  at  any  stage  of  development  or  during 
any  state  of  activity.  In  the  summer  of  1904,  while  at  the  Bermuda 
Biological  Station,  Amphioxus  material  was  fixed  in  absolute  alcohol  for 
the  determination  of  glycogen.  Abundant  glycogen  was  found  in  the 
large  nerve  cells  of  the  central  nervous  system  in  both  Amphioxus  and 
Asymmetron.  From  this  discovery  it  was  believed  that  glycogen  would 
probably  be  found  in  the  nervous  tissues  of  mammals  if  they  were  taken 
at  the  right  time.  A  series  of  pig  embryos  from  7  to  70  mm.  was  sectioned 
and  plentiful  glycogen  was  found  in  the  cells  of  the  dorsal  ganglia  in  em- 
bryos from  7  to  20  mm.  In  the  20  mm.  embryo  glycogen  was  also  present 
in  the  developing  nerve  trunks,  and  in  older  embryos  it  nearly  or  quite 
disappeared  from  the  ganglion  cells  but  became  exceedingly  abundant 
in  the  nerve  trunks.  These  facts  point  to  the  conclusion  that  at  some 
period  in  the  growth  of  riervous  tissue  glycogen  plays  as  important  a  part 
as  in  the  other  tissues  of  the  body. 

The  Notochord  o]  .the  Head  in  Human  Embryos  of  the  Third  to  the  Twelfth 

Week,    and    Comparisons    with    Other    Vertebrates:  Susanna   Phelps 

Gage,  Ithaca,  N.  Y. 

In  the  Cornell  collection  are  many  sagittal  series  which  are  especially 

favorable  for  the  study  of  a  mesal  organ  like  the  notochord.     In  a  human 

specimen  of  sixty  days  the  relations  of  the  notochord  to  the  cartilaginous 

base  of  the  skull  and  the  epithelium  of  the  mouth  are  clear.     On  emerging 

from  the  axis,  it  forms  a  knotted  protuberance  dorsal  of  the  base  of  the 
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skull,  passes  diagonally  through  it  to  a  pocket  from  the  roof  of  the  mouth, 
thence  cephalad  to  come  in  contact  with  two  other  mouth  pockets,  thence 
diagonally  dorsal  through  the  base  of  the  skull,  again  forming  a  knot 
and  turning  sharply  ventral,  ending  near  the  hypophysis  but  within 
the  cartilage. 

The  same  relations  exist  in  a  specimen  of  forty-eight  days  in  which  the 
base  of  the  skull  is  not  as  far  from  the  roof  of  the  mouth  and  the  excursion 
of  the  notochord  is  not  so  far  ventrad. 

At  thirty-six  days  the  condensed  mesoderm  foreshadows  the  skull,  and 
the  same  general  relations  occur,  the  ventral  excursion  of  the  notochord 
being  very  limited  and  touching  the  straight  roof  of  the  mouth  in  three 
or  four  loops. 

At  twenty-eight  and  twenty-one  days  the  notochord  lies  directly  in 
contact  with  the  epithelium  of  the  roof  of  the  mouth,  thus  showing  the 
beginning  of  the  history.     Transactions  verify  the  above  observations. 

The  comparative  study  of  pig,  sheep,  calf,  mouse.,  cat,  chick,  amblystoma, 
frog,  shark  and  lamprey  shows  that  the  notochord  after  the  earliest  stages 
is  usually  completely  separated  from  the  roof  of  the  mouth,  being  included 
in  the  more  condensed  tissue  forming  the  skull  and  taking  a  straight  course. 
In  the  pig,  however,  about  twenty  per  cent,  were  similar  to  man,  being 
in  contact  with  mouth  pockets. 

In  the  calf,  contrary  to  the  observation  of  Froriep,  the  specimen  exam- 
ined showed  the  usual  straight  form. 

The  cephalic  tip  of  the  notochord  in  the  above  mentioned  examples 
varies  in  relation,  being  in  contact  with:  (a)  the  hypophysis  (ingrowth 
of  skin);  (6)  Sessel's  pocket  (outgrowth  of  enteron) ;  or  (c)  the  first  meso- 
dermic  head  cavity  (derivative  from  enteron).  The  last  condition,  found 
in  shark,  may  be  the  typical  one. 

Importations  of  the  Gipsy  Moth  and  Brown-tail  Moth  Parasites  frotn  Europe: 
L.  O.  Howard,  U.  S.  Department  of  Agriculture. 

In  the  late  spring  of  1905  the  state  of  Massachusetts  appropriated  ten 
thousand  dollars  a  year,  for  three  years,  to  be  expended  in  an  effort  to 
import  into  the  United  States  the  European  parasites  of  the  two  destructive 
insects  mentioned  in  the  title.  The  larger  part  of  this  appropriation, 
together  with  a  small  appropriation  of  twenty-five  hundred  dollars,  made 
by  the  general  government,  was  used  and  is  being  used  in  this  attempt, 
the  whole  European  end  of  the  effort  having  been  placed  under  the  control 
of  the  speaker. 

In  June,  1905,  he  visited  Europe,  landing  at  Naples  on  the  fifteenth 
of  that  month.  At  the  time,  the  south  Euroix-an  brown-tail  moths  had 
all  issued,  and  the  gipsy  moth  was  in  the  full-grown  caterpillar  stage. 
Arrangements  were  made  with  experts  in  Italy,  in  Austria,  in  Hungary,  in 
South  Germany,  Switzerland  and  France  to  send  to  Boston  full-grown 
larvae  and  pupae  of  the  gyp.sy  moth;  and  full  instructions  were  given  as  to 
methods  of  shipment.     During  the  following  summer  months   very  many 
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specimens  were  received  in  Boston  and  were  cared  for  in  a  temporary 
laboratory  at  Maiden  and  a  number  of  different  sijecies  of  parasites  issued, 
the  most  promising  ones  being  tachina  flie^  These  over-wintered  success- 
fully in  Massachusetts,  and  a  certain  proportion  of  flies  issued  from  the 
over-wintering  puparia  the  present  spring. 

In  April,  1906,  the  same  journey  was  practically  repeated,  the  speaker 
visiting  first  France,  then  Italy,  then  Austria  and  Hungary,  and  afterwards 
Germany  and  Switzerland,  and  arrangements  were  made,  at  an  earlier 
period  in  the  season,  so  that  much  larger  quantities  of  both  species  will 
be  secured.  Shipments  from  many  points  in  Europe  are  already  being 
received  and  many  parasites  are  being  bred  from  European  specimens 
of  both  species. 

The  most  interesting  feature  of  the  effort  so  far  has  come  through  the 
wholesale  introduction  of  the  over-wintering  nest  of  the  brown-tail  moth. 
On  the  strength  of  an  unpublished  observation  of  Jablonowski,  of  Budapest, 
mentioned  to  the  speaker  in  July,  1905,  no  less  than  one  hundred  and 
eighty-five  thousand  nests  were  imported  into  Massachusetts  from  forty 
different  localities  in  Europe,  ranging  from  Rennes  on  the  northwest 
to  Budapest  on  the  southeast.  From  these  nests  were  bred  the  present 
spring  and  early  summer  many  thousands  of  specimens  of  parasites  of 
different  groups;  these  have  been  colonized  in  the  open  and  in  out-door 
cages  constructed  of  wire  gauze  and  placed  over  good-sized  trees  thoroughly 
infested  with  both  gipsy  moth  and  brown-tail  moth  larvas. 

The  interesting  feature  of  the  experiment  is  the  large  scale  upon  which 
it  has  been  conducted.  Earlier  attempts  to  introduce  and  acclimatize 
beneficial  species  from  one  part  of  the  world  into  another  have  been  done 
on  a  small  scale;  but  comparatively  few  have  been  imported  at  any  one 
time.  In  this  instance  the  experiment  was  so  perfectly  safe  and  the  coun- 
try into  which  the  forms  wer  eintroduced  was  so  extensively  ravished 
by  the  insects  that  the  introduction  of  additional  pests  of  the  same  species 
could  possibly  do  no  harm;  whereas,  by  such  wholesale  introduction, 
vastly  greater  numbers  of  the  parasites  would  be  secured,  thus  promising 
earlier  relief  than  by  the  other  method. 

0)1  the  Connections  of  the  Funicular  Nuclei  of  the  Brains  of  Fishes: 
C.  JuDSON  Herrick,  Denison  University. 
In  those  teleosts  which  possess  elaborately  developed  taste  bud  systems 
in  the  outer  skin,  we  find  that  the  entire  taste  bud  system  of  nerves, 
including  nerves  from  sense  organs  in  the  mouth  and  pharynx  and  also 
from  similar  organs  in  the  outer  skin,  is  very  intimately  connected  with  the 
viscero-motor  nervous  apparatus,  as  was  to  have  been  expected.  But  the 
terminal  nuclei  of  the  nerves  from  taste  buds  in  the  outer  skin,  which 
unquestionably  belong  morphologically  to  the  visceral  sensory  system, 
have  extensive  additional  sensory  connections  with  distant  motor  centers 
of  the  somatic  type.  These  long  reflex  gustatory  paths  are  of  relatively 
recent  phylogenetic  origin  and  in  some  teleosts  are  very  elaborately  devel- 
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oped.  The  connections  in  the  mid-brain  of  the  ascending  secondary- 
gustatory  path  I  have  described  in  a  previous  communication.  In  this 
paper  I  have  analyzed  the  descending  secondary  gustatory  path  and 
found  that  in  its  further  course  and  connections  in  the  funicular  nucleus 
region  it  has  all  of  the  functional  characteristics  of  a  somatic  reflex  arc — 
from  cutaneous  organs  of  taste  to  somatic  muscles.  This  is  a  point  of 
considerable  theoretical  interest  as  a  concrete  illustration  of  the  way  in 
which  the  most  rigid  morphological  lines  may  be  crossed  by  the  exigencies 
of  functional  adaptation. 

The  Hackled  Band  in  the  Webs  of  Certain  Spiders:  J.  H.  Comstock,  Cornell 
University. 
It  is  well  known  that  those  spiders  which  possess  a  cribellum  and  a 
calamistrum  spin  two  kinds  of  silk:  one,  a  simple  smooth  thread  of  the 
ordinary  type,  and  another  that  presents  a  curled  appearance.  Photo- 
micrographs of  the  silk  of  representatives  of  three  families  of  cribellate 
spiders  were  presented.  In  each  the  characteristic  silk  consists  of  a 
ribbon-like  structure  which,  on  account  of  the  mani.er  in  which  it  is  made, 
may  be  termed  the  hackled  band.  In  each  case  the  hackled  band  consists 
of  two  elements:  a  series  of  longitudinal  threads,  which  may  be  termed 
the  warp,  and  a  sheet  of  viscid  silk  supported  by  the  warp,  which  may 
be  termed  the  woof.  In  the  hackled  band  of  Uloborus  and  Hyptiotes  the 
warp  consists  of  two  straight  threads,  and  the  woof  of  an  exceedingly 
regular  series  of  overlapping  lobes.  In  the  hackled  band  of  Amaurobius 
the  warp  consists  of  four  threads.  Two  of  these  lie  in  the  central  portion 
of  the  band;  they  are  straight  and  parallel.  The  other  threads  extend, 
one  along  the  middle  of  each  lateral  half  of  the  band,  and  are  curled.  These 
four  threads  support  a  sheet  of  viscid  silk,  the  woof.  The  woof  has  a 
wavy  outline,  but  does  not  consist  of  a  regular  series  of  lobes,  as  in  the 
Uloboridae.  In  the  hackled  band  of  Filistata  there  are  four  kinds  of  silk: 
first,  a  double  supporting  line;  second,  the  primary  looped  threads; 
third,  the  secondary  looped  threads;  fourth,  the  woof  of  viscid  silk. 

The  Divided  Eyes  of  Blepharocera  tcnuipes  Walker:  \Vm.  A.  Rilev,  Corr.ell 
University. 
The  physiology  of  the  divided  eyes  of  Blepharocera  teniiipes  has  been 
discussed  by  Kellog,  but  aside  from  incidental  mention  nothing  concerning 
their  morphology  has  been  published.  The  facets  of  the  dorsal  eye  average 
forty  microns  in  diameter,  those  of  the  lateral-  eye  twenty-four  microns. 
Both  eyes  are  clothed  with  hairs,  usually  one  at  each  facet  angle,  rarely  two. 
In  section  the  dorsal  ommatidia  are  about  three  times  the  length  of  the 
lateral.  Unlike  other  nematocerous  diptera  studied,  the  eyes — both  dorsal 
and  lateral — are  of  the  pseudocone  type.  Amongthenumerous,  slender,  sec- 
ondary pigment  cells  may  occasionally  l)e  found  a  much-reduced  trichogen 
cell.  There  is  no  special  corneal  hypodcrmissuch  as  is  present  in  Crustacea 
and  Collembola,  but  it  is  represented  by  the  primary  pigment  cells.     The 
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])resence  of  abundant  pigment  between  the  onimatidia  and  the  position  of 
the  visual  rods  preclude  the  formation  of  superimposed  images.  There  is 
no  evidence  of  pigment  migration  dependent  upon  intensityof  liglit.  In  the 
youngest  pupa;  studied  the  eye  is  represented  by  a  one-layered  hypodermis 
in  which  groups  of  enlarged  sensory  cells  are  separated  by  more  slender 
cells.  There  is  no  invagination,  but  the  groups  of  sensory  cells  become 
bud-like,  pushing  the  pseudocone  cells  and  the  primary  pigment  cells  to 
their  distal  surfaces  while  the  secondary  pigment  cells  become  crowded 
into  wedge-shaped  masses  at  either  end.  In  course  of  further  growth 
the  elements  elongate  greatly.  The  lateral  eye  diflferentiates  more  rapidly 
than  the  dorsal,  a  condition  to  be  explained  by  the  late  phylogenetic 
appearance  of  the  dorsal  eye. 

The  Nervous  System  and  Nephridia  of  Dinophilus:  J.  A.  Nelsox,  Cornell 
University. 
The  nervous  system  exhibits  an  embryonic  condition,  consisting  of  a 
brain  in  close  contact  with  the  hypodermis,  and  a  pair  of  lateral  nerve 
cords,  connected  by  transverse  commissures  arranged  metamerically. 
Ganglion  cells,  lying  within  the  hypodermis,  accompany  the  lateral  nerve 
cords,  and  are  arranged  to  form  five  pairs  of  ganglia.  A  preoral  commis- 
sure connects  the  circumoesophageal  commissures.  The  nephridia  number 
five  pairs,  and  are  arranged  metamerically.  Those  of  the  posterior  four 
pairs  are  simple,  and  similar  to  those  of  annelid  larvae,  terminating  blindly 
at  their  inner  ends.  Those  of  the  first  pair  are  much  more  complex,  each 
exhibiting  two  curious  canalar  plexuses.  The  whole  anatomy  indicates 
close  relationship  to  the  annelids. 

Early  Stages  in  the  Development  of  the  Salivary  Glands  in  Sheep  and  Pig 
Embryos:  Wm.  C.  Thro,  Cornell  University. 

Glands  in  Sheep  Embryos. — In  an  embryo  17.5  mm.  long  all  the  glands 
are  present.  The  submaxillary  is  the  most  advanced,  since  a  few  side 
buds  project  from  the  body  of  the  gland.  The  sublingual  consists  of  a 
short  ridge-like  projection  of  the  epithelium  lining  the  mouth-cavity.  In 
a  20  mm.  embryo  the  sublingual  consists  of  a  solid  cord  of  cells  attached 
by  its  cephalic  end  to  the  epithelium  lining  the  mouth-cavity  and  running 
caudad  a  short  distance  beneath  the  epithelium.  In  a  26  mm.  embryo 
Wharton's  duct  possesses  a  lumen.  In  a  43  mm.  embryo  the  sublingual 
and  parotid  have  lumina.  In  an  embryo  44.5  mm.  long  the  ducts  of  the 
submaxillary  and  sublingual  run  side  by  side  and  open  beneath  the  tip 
of  the  tongue,  cephalad  of  the  frenum. 

Glands  in  Pig  Embryos. — In  an  embryo  15  mm.  long,  head-breech 
measurement,  the  very  earliest  stages  of  the  parotid  and  retrolingual 
glands  are  found,  while  the  submaxillary  is  represented  by  a  well-developed 
bud  with  enlarged  extremity. 

The  Development  and  Relations  of  the  Columella  in  the  Amphibia:  B.  F. 
Kingsbury,  Cornell  University. 
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The  Inheritance  of  Characteristics  in  Poultry:  C.  B.  Davenport,  Carnegie 
Institution,  of  Washington. 
In  how  far  are  the  characteristics  of  organisms  immutable  units,  incapable 
of  modification,  even  when  pitted  against  each  other  in  pairs,  as  occurs 
in  hybridization  of  individuals  havixig  opposed  characteristics?  If  the 
characteristics  tj'^pically  blend  in  the  hybrid  offspring,  the  theory  of  unit 
characters  loses  its  main  support;  but  if  they  typically  do  not  blend,  but 
reappear  in  the  hybrid  offspring,  each  in  its  pristine  purity,  then  the  theory 
of  unit  characters  is  supported  and  its  corollary — evolution  by  mutation — ■ 
follows.  Hybridization  of  poultry  shows  that  most  characteristics  do 
not  blend  and  do  reappear  in  subsequent  hybrid  progeny  almost  unaltered 
• — almost,  but  not  quits. 

The  Egg-laying  of  Chironomus  annularis:  JamES  G.  NeEdham,  Lake 
Forest,  111. 
Chironomus  annularis,  one  of  the  larger  midges  of  wide  distribution  in 
Europe  and  North  America,  occurs  in  the  campus  pond  at  Lake  Forest 
College,  where  in  May  a  number  of  r.ew  observations  were  made  as  to  its 
manner  of  oviposition.  The  eggs  are  extruded  while  the  female  is  hanging 
up  among  the  leaves  of  the  sedges  at  the  water's  edge.  There  occurs  a 
preliminary  flight  back  and  forth  across  the  water  lasting  fifteen  to  twenty 
minutes.  This  flight  ends  well  in-shore,  where  the  female  settles  and 
releases  the  egg  masses  upon  the  surface.  The  egg  mass  gradually  settles 
beneath  the  surface,  but  remains  attached  to  a  little  transparent  float 
by  a  slender  adhesive  gelatinous  thread  which  stretches  out  to  a  length 
of  about  six  inches.  The  mass  then  drifts  until  this  suspensory  thread 
comes  in  contact  with  some  submerged  sedge  leaf  or  other  solid  support, 
where  it  remains  until  hatched.  It  contains  about  i,Soo  eggs,  which 
hatch  in  about  three  days. 

Some  Notes  on  the  Breeding  Habits  of  our  Ithaca  Anura:  A.  H.  Wright, 
Cornell  University. 
Of  the  eight  local  anura,  there  have  been  identified  the  eggs  of  all  in  the 
field  and  of  six  in  captivity.     The  mating  embrace  has  been  photographed 
with  all  excepting  Rana  catesbiana, 

C.   JUDSON  Herrick, 

Secretary 


SECTION  G. 


BOTANY. 


OFFICERS  OF  SECTION   G. 


Vice-President  and  Chairman  of  the  Section. 
D.  T.  MacDougal.  Washington,  D.  C. 

Secretary  pro  tern. 
Geo.  F.  Atkinson,  Ithaca,  N.  Y. 

Member  of  Council. 
D.  T.  MacDougal. 

Sectional  Committee. 

Erwin  L.  Smith,  Vice-President,  1906;  D.  T.  MacDougal,  Vice-President, 
1907;  F.   E.  Lloyd,  Secretary,  1904-1908. 
F    S.  EarlE,   I  year;  C.   E.   Bessey,   2  years;  W.  J.   Beal,   3  years; 
C.  R.   Barnes,  4  years;  Wm.  TrelEasE,  5  years. 

Member  of  General  Committee. 
J.  C.  Arthur. 

Press  Secretary. 
Geo.  F.  Atkinson. 


REPORT   OF   THE   SECRETARY   OF   SECTION   G. 


In  accordance  with  arrangements  previously  made  the  section  met  on 
June  29  for  the  transaction  of  business  and  the  discussion  of  the  future 
relations  of  the  section  to  the  Botanical  Society  of  America.  Professor 
George  F.  Atkinson  was  elected  secretary  pro  tempore  in  the  absence  of 
Professor  F.  E.  Lloyd. 

The  principal  features  of  the  meetings  on  the  following  days  were  the 
splendid  excursions  which  had  been  arranged  by  the  local  committee. 
Adequate  transportation,  well-appointed  lunches,  and  the  presence  of  the 
botanists  of  the  botanical  department  of  Cornell  University,  who  were 
familiar  with  the  flora,  made  these  outings  a  very  profitable  feature,  and 
called  out  an  attendance  as  large  as  that  customarily  seen  at  technical 
sessions. 

On  Saturday,  June  30,  a  party  of  twenty-three  visited  the  atoll  moor 
near  Chicago,  eighteen  miles  from  Ithaca.  For  a  distance  of  twelve  or 
fifteen  miles  on  the  route  the  glacial  "dumps"  or  terminal  moraines  were 
visible  to  the  party,  showing  in  many  cases  the  "kettles"  or  "pot  holes" 
or  "cat  holes,"  as  they  are  variously  termed,  many  of  which  support  charac- 
teristic moor  vegetation.  The  atoll  moor  which  was  first  visited  was  the 
site  of  a  former  large  glacial  pond  which  is  now  nearly  filled  by  the  growth 
of  vegetation,  there  being  a  deep,  central,  small  pond  and  an  outer  moat 
containing  water  at  the  shore  of  the  original  pond. 

After  lunch  on  the  west  bank  of  the  moor  Professor  Atkinson  gave  a 
brief  talk  describing  the  topography  of  the  moor  and  outlining  the  different 
theories  which  have  been  suggested  in  explanation  of  the  peculiar  topog- 
raphy which  has  been  formed  by  the  vegetation  filling  in.  Dr.  Wiegand 
called  attention  to  the  principal  species  of  plant  formation,  pointing  out 
the  work  of  each  in  moor  formation. 

The  party  then  explored  the  vegetation  of  the  border  along  one  side, 
which  is  made  up  of  grass,  sedges  and  herbs.  Here  a  large  number  of 
Uredinese  were  found,  among  which  were  five  or  six  heteroecious  species 
with  the  secidial  stage  and  the  uredo  stage  growing  on  adjacent  hosts, 
as  pointed  out  by  Dr.  Arthur.  The  Cassandra  formation,  which  covers 
the  large  part  of  the  moor  inside  of  the  moat,  was  then  explored.  In 
reaching  this  it  was  necessary  to  cross  the  water  in  the  outer  moat  and  also 
a  narrow  elevated  ridge  just  inside  of  this,  which  for  a  great  distance  is 
covered  by  Spircea  saLiaefolia.  Among  the  Cassandra  were  quantities 
of  Sphagnum,  and  many  other  plants  lesser  in  number,  as  Andromeda 
polifolia,   Vaccinium  macrocarpon  (cranberry),  etc. 

From  this  moor  the  party  was  led  to  one  of  the  smaller  and  deep  kettles, 
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which  contains  at  this  season  but  little  water.  The  zonal  formation  of  the 
vegetation  is  also  characteristic  here:  the  center  is  a  sedge  and  grass 
formation,  the  border  an  Isoeics  formation,  which  at  this  time  was  partly 
submerged  and  partly  on  dry  land.  Between  this  and  the  central  grass 
formation  were  partially  submerged  aquatic  plants. 

The  party  next  drove  to  Malloryville  Moor.  On  one  of  the  banks  of  this 
moor  is  a  bed  of  Pteris  aquilina  (brake)  which  every  year  presents  numerous 
cases  of  apospory,  though  the  season  was  a  little  early  for  good  examples. 
This  moor  is  a  high  moor.  The  center  is  occupied  with  Andromeda  poli folia 
and  scattering  Cassandra,  with  a  deep  bed  of  sphagnum.  Pitcher  plants, 
orchids,  etc.,  were  observed.  Upon  one  side  (south)  the  Andromeda  is 
each  year  attacked  by  a  parasitic  fungus,  Exobasidium,  which  causes  a 
regular  hypertrophy  of  the  leaves.  The  affected  shoots  are  colored  a 
bright  red,  and  the  leaves  instead  of  being  thick,  narrow  and  with  inrolled 
edges,  are  thinner,  broadly  elliptical  and  flat,  taking  on  exactly  the  shape 
of  the  Cassandra  leaves,  so  that  but  for  the  color  it  would  suggest  a  "bud 
shoot"  of  a  Cassandra  from  an  Andromeda.  The  appearance  of  two  generic 
types  in  the  branches  of  one  shoot  is  very  striking. 

On  Monday,  July  2,  a  party  of  thirty-four  drove  to  Enfield  Gorge, 
alighting  at  the  foot  of  the  gorge,  while  the  carriages  were  taken  to  the  head 
of  the  gorge,  a  little  more  than  two  miles  distant.  The  numerous  suc- 
cessive falls  and  cascades  were  observed,  also  the  geological  formations, 
but  especially  the  vegetation.  There  were  numerous  liverworts  in  the  wet 
rock  walls.  In  one  place  Preissia  and  Conocephalus  are  abundant  and  are 
usually  brought  into  zonal  formation  by  the  different  moisture  conditions 
which  vary  according  to  the  surface  contour  of  the  perpendicular  rock 
wall.  At  a  short  distance  Pellia  usually  grows  where  there  is  a  greater 
quantity  of  water  dripping  down  the  rock.  This  year  there  is  more  mois- 
ture than  usual.  The  dripping  water  is  so  abundant  that  it  is  killing  out 
the  Preissia  and  Conocephalus  in  certain  spots  and  the  Pellia  is  coming  in 
and  overgrowing  them.  These  features  were  very  easily  demonstrated. 
Higher  up  on  the  clay  bank  at  this  place  Blasia  is  abundant,  and  on  the 
flat  rocks  below  Marchantia  was  found. 

Near  the  upper  end  of  the  gorge  was  an  abundance  of  the  fern,  PelUva 
gracilis,  on  the  moist  rocks.  The  vegetation  of  the  small  alluvial  plains 
here  and  there  was  rich  in  forest  and  shade  plants  which  afforded  an  excel- 
lent opportunity  for  observation  of  "mosaics"  and  various  ecological 
features. 

The  interest  shown  in  a  meeting  in  which  the  out-of-door  features  occu- 
pied so  prominent  a  place  suggests  the  desirability  of  their  annual  repetition, 
although  it  is  by  no  means  to  be  taken  for  granted  that  field  excursions 
might  always  be  organized  under  such  favorable  circumstances  as  those 
offered  by  Ithaca  and  the  Cornell  botanists. 

D.  T.  MacDougal, 
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IRVING  FISHER, 

VICE-PRESIDENT   AND   CHAIRMAN   OF   SECTION    I    FOR    1906. 


ECONOMICS  AS  A    SCIENCE. 


That  economic  and  social  studies  should  be  carried  on  with 
the  scientific  method  and  spirit  is  not  likely  to  be  denied  by 
anyone  here  present.  And  yet  there  are  persons  who  would 
have  us  believe  that  these  important  fields  of  investigation 
are  by  nature  incapable  of  such  a  treatment.  Even  among 
economic  students  we  find  many  writers  of  the  type  of  Cliffe 
Leslie,  who  definitely  disclaim  that  economics  is  a  science,  and 
class  it  rather  as  a  branch  of  history.  There  has  always  been 
more  or  less  hesitation  as  to  the  place  economic  studies  should 
occupy  as  between  the  historical  and  scientific  poles.  The 
tendency  to  lean  toward  the  historical  side  is  indicated  by  the 
fact  that  the  American  Economic  Association  has  regularly 
met  in  conjunction  with  the  American  Historical  Association, 
while  the  tendency  toward  the  scientific  side  is  indicated  by 
the  fact  that  this  section  exists  as  a  branch  of  the  American 
Association  for  the  Advancement  of  Science. 

Those  who  maintain  that  economics  is  not  and  never  can  be 
a  true  science  base  their  contention  on  the  fact  that  social 
phenomena  are  not  constant,  "like,"  they  say,  "the  phenomena 
of  astronomy  or  physics,"  but  differ  widely  at  different  times 
and  under  different  circumstances.  They  point  out  that  the 
determination  of  prices  under  modern  free  competition  is 
quite  different  from  their  determination  under  the  medieval 
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system  of  custom  and  status;  that  the  remuneration  of  labor 
depends  on  what  are  the  historical  and  legal  institutions  with 
respect  to  slavery,  labor  legislation,  etc. ;  that  the  economic 
phenomena  of  to-day  are  not  comparable  with  those  of  the 
times  of  the  Greeks  and  Romans,  nor  are  the  phenomena  in 
America  comparable  with  those  in  Russia. 

To  one  who  is  familiar  with  the  spirit  of  science,  however, 
these  variations,  so  far  from  being  objections,  are  really  con- 
firmations of  the  theory  that  economics  is  a  science.  For  in 
all  science  it  is  fundamentally  true  that  phenomena  will  "differ 
according  to  circumstances,"  and  the  office  of  the  scientist  is 
simply  and  solely  to  find  out  under  what  circumstances  one 
set  of  phenomena  will  occur,  and  under  what  circumstances 
another  set  will  occur.  We  could  hardly  claim  that  hydro- 
statics is  not  a  science  for  the  reason  that,  in  a  mountain" lake, 
water  is  found  to  be  stationary  and  at  a  level,  whereas  at 
Niagara  it  is  found  to  be  in  motion  and  passing  from  one  level 
to  another;  that  whereas  the  water  in  a  mill-race  passes  in  a 
downward  direction,  the  water  which  we  draw  in  our  houses 
moves  through  the  pipes  upward;  that  whereas,  by  means  of 
a  syphon,  water  may  be  induced  to  flow  out  of  a  receptacle, 
it  will,  in  an  ordinar}^  tub,  remain  inert.  The  whole  science 
of  hydrostatics  has  developed  as  a  consequence  of  the  persistent 
effort  to  unravel  these  puzzles,  and  to-day  we  know  not  only 
that  under  different  circumistances  water  will  act  in  different 
ways,  but  we  can  formulate  what  are  the  precise  conditions 
under  which  it  will  act  in  each  separate  manner. 

In  economic  study  we  should  in  like  manner  apply  ourselves 
to  discover  what  conditions  make  the  difference  in  the  phe- 
nomena between  modern  and  ancient  or  eastern  and  western 
civilizations,  rather  than  content  ourselves  with  the  truism 
that  they  do  differ.  Much  of  the  field  has  in  fact  already  been 
covered.  It  is  known,  for  instance,  that  under  conditions  of 
free  contract  and  competition,  the  price  of  an  article  will  be 
determined  by  the  intersection  of  its  supply  and  demand  curves, 
and  that,  on  the  other  hand,  if  the  regime  be  one  of  monopoly, 
the  price  will  be  determined  on  the  principle  of  "what  the 
traffic  will  bear,"  in  the  manner  so  admirably  shown  by  Cournot. 
In  these  cases  the  results  are  not  absolute  and  unconditional, 
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but  depend  on  specified  hypotheses.  In  this  respect  they  are 
exactly  similar  to  any  other  scientific  result.  The  formula 
of  science,  as  Newcomb  points  out,  is  always  conditional — if 
A  is  true,  then  B  is  true.  The  formula  of  history,  on  the  other 
hand,  is  unconditional — simply  B  is  true. 

If  economics  is  a  science,  its  truths  must  be  conditional. 
Thus,  the  incidence  of  a  tax  on  ground  rent  will  lower  the  value 
of  land,  provided  there  are  no  counteracting  causes.  This  does 
not  assert  that  actually,  after  such  a  tax,  the  value  of  the  land 
will  fall,  for  in  the  meantime  some  opposing  cause  may  have 
interv^ened,  such  as  the  discovery  of  an  oil-well.  Again,  an 
increase  of  the  quantity  of  circulating  medium  will  raise  prices 
proportionately,  provided  the  velocity  of  circulation  and  the 
volume  of  business  transactions  remain  the  same.  This  "quan- 
tity theory"  does  not  assert  that  prices  do  rise  after  every 
increase  in  the  quantity  of  money,  and  those  who  thus  interpret 
it  are  guilty  of  the  confusion  already  noted  between  conditional 
and  unconditional  truth — in  other  words,  between  a  scientific 
law  and  a  historical  fact. 

The  confusion  between  historical  and  scientific  truth  is  very 
common  among  economists,  especially  in  the  German  historical 
school.  While  Roscher  and  his  followers  verbally  classify 
economics  as  a  science,  they  leave  no  place  for  economic  theory. 
Curiously  enough,  they  imagine  that  by  confining  themselves 
to  historical  generalizations  they  are  following  the  inductive 
method  of  Bacon.  A  closer  study  of  Bacon's  work  would  have 
revealed  to  them  that  true  science  does  not  consist  in  the  mere 
grouping  of  historical  phenomena.  In  fact.  Bacon  makes  a 
distinction  between  what  he  calls  the  popular  and  the  inductive 
method,  or  what  may  be  preferably  called,  following  the  example 
of  John  Rae,  the  systematic  and  the  scientific.  The  two  are 
commonly  confused,  but  are  entirely  distinct.  "System" 
consists  in  classifying  phenomena;  "science"  consists  in  dis- 
covering the  laws  to  which  they  conform.  System  explains 
phenomena  by  means  of  what  is  common  and  familiar;  science 
explains  them  by  what  is  simple,  however  recondite.  S3'stem 
is  exemplified  in  such  descriptive  studies  as  grammar,  descrip- 
tive geography  and  history-;  science  is  exemplified  by  such 
analytical  studies  as  mathematics,  physics,  and  latterly,  biology. 
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The  classifier  or  system-maker  is  content  with  generalization 
of  facts.  These  express  the  usual  order  of  events :  for  instance, 
that  the  sun  rises  once  a  day.  They  do  not  express  the  reason 
or  principle.  The  difference  between  system  and  science  is 
the  difference  between  a  general  fact  and  a  necessary  truth, 
between  rules  and  laws.  Exceptions  to  rules  do  not  destroy 
them  as  rules;  in  fact,  we  say  "the  exception  proves  the  rule." 
This,  however,  is  not  true  of  laws.  A  "law"  which  has  an 
exception  is  no  law  at  all. 

Many  studies  which  are  now  scientific  had  their  origin  in 
what  was  originally  systematic.  The  predecessors  of  the 
modern  physicists  classified  bodies  into  "light"  and  "heavy." 
Iron,  they  maintained,  is  heavy  and  therefore  falls;  fire  is  not 
heavy,  and  therefore  rises.  How  different  is  this  obsolete 
method  of  treating  the  subject  from  our  modern  analytic  notion 
of  gravity,  or  rate  of  increase  of  velocity,  by  means  of  which 
are  explained  both  the  falling  of  iron  and  the  rising  of  "fire." 

Similarly,  the  prototype  of  biology  was  "natural  history," 
and  consisted  chiefly  in  the  mere  classification  of  animals  and 
plants  into  species,  genera,  etc.  ^Modern  biology  has  supplanted 
such  elaborate  classification  by  introducing,  through  Darwin, 
the  analytical  ideas  of  heredity,  variation  and  selection,  and 
in  this  way  the  descriptive  study  of  natural  history  has  been 
converted  into  the  true  science  of  biology. 

The  same  evolution  which  has  been  outlined  in  physical  and 
biological  science  is  doubtless  taking  place  in  economic  science. 
Yet  it  must  be  confessed  that  few  have  yet  mastered  the  dis- 
tinction between  a  general  fact  and  a  scientific  law.  When 
we  hear  it  stated  as  fundamental  in  political  economy  that 
skilled  labor  is  better  paid  than  unskilled,  it  is  clear  that  this 
is  merely  a  general  rule  and  not  a  necessary  law.  The  single 
fact  that  certain  seamstresses,  though  skilled,  are  ill-paid,  is 
sufficient  to  disprove  the  statement  as  a  necessary  law,  though 
it  does  not  affect  it  as  a  general  fact. 

The  historical  school  justly  complains  of  the  superficial 
character  of  the  theories  which  have  been  sometimes  offered. 
This  objection  holds,  however,  not  against  theory  as  such,  but 
against  false  theories;  and  herein  lies  the  virtue  of  Bacon's 
method.     The  inductive  method,  by  which  any  theory  of  phe- 
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nomcna  must  be  checked  bv  reference  to  actual  historical  fact, 
thus  forms  the  means  of  distinguishing  between  truth  and 
falsity.  Rejecting  false  theories  is  quite  different  from  reject- 
ing all  theories.  What  is  needed  now  in  political  economy  is 
to  rid  ourselves  of  the  false  and  superficial  theories,  on  the  one 
hand,  which  have  been  constructed  a  priori  and  irrespective 
of  facts;  and,  on  the  other  hand,  to  release  ourselves  from  the 
cheap  empiricism  of  the  historical  school,  who  interpret  their 
task  as  merely  one  of  generalizing  phenomena  without  analvz- 
ing  them.  In  the  words  of  the  great  philosopher,  Hume, 
"Our  speculations  can  scarce  ever  be  too  fine,  provided  they 
be  just." 

Science  is  one.  The  logic  for  economic  science  should  be 
the  logic  for  all  science — -a  combination  of  induction  and  deduc- 
tion. Facts  are  at  once  the  test  and  the  material  of  science, 
but  laws  are  its  ultimate  goal.  Laws  are  not  facts,  but  the 
relations  between  facts.  Newton's  first  law  of  motion,  that  a 
body  tends  to  move  uniformly  in  a  straight  line,  is  not  a  fact, 
nor  it  it  a  general  expression  of  facts.  Probably  no  particle 
in  the  universe  has  ever  moved  exactly  in  a  straight  line  or 
with  uniform  velocity  for  so  much  as  a  single  second.  Yet  it 
would  be  an  error  to  conclude  that  Newton's  law  is  unreal  and 
untrue  in  actual  nature.  The  law  has  an  "if"  in  it — "7/  a 
body  were  acted  on  by  no  force,  or  by  perfectly  balanced  forces, 
its  motion  would  be  uniform  in  both  rate  and  direction."  With- 
drawn thus  from  actual  events,  Newton's  law  seems  to  the 
non-scientific  mind  to  lose  all  objective  truth.  This  again  is 
an  error.  Newton's  law  is  absolutely  true  to  nature.  The  fact 
that  it  is  conditional  does  not  make  it  arbitrary.  We  are  not 
free  to  replace  it  by  the  medieval  opinion,  viz.,  "If  a  body  is 
let  alone  it  will  gradually  spend  its  force  and  slacken  its  speed." 
This  formulation,  unlike  Newton's  law,  would  not  stand  the 
test  of  facts.  A  valid  law  is  true  at  all  times  and  places,  in  the 
sense  that  should  the  particular  conditions  arise,  the  prescribed 
result  would  follow,  but  not  in  the  sense  that  the  particular 
conditions  must  needs  ever  arise. 

When  the  relations  between  scientific  and  historical  truth 
are  more  fully  realized,  we  may  expect  economic  studies  to 
make   more  rapid  strides  than  have  hitherto  been   possible. 
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We  shall  recognize  the  twofold  nature  of  most  practical 
economic  problems,  such  as  the  present  problems  of  trades- 
unions,  insurance,  railroad-rate  regulation  and  the  tariff.  These 
problems  require  first  of  all  the  study  of  historical  facts,  and 
secondly,  the  discovery  of  the  relations  to  which  these  facts 
conform.  When  these  two  studies  are  complete  we  are  pre- 
pared to  take  a  third  and  final  step,  prediction.  It  is  sometimes 
said  that  the  ability  to  predict  is  the  final  test  of  science.  But 
it  is  not  a  test  of  science  only.  Successful  prediction  requires 
two  conditions:  one  is  a  knowledge  of  science— of  what  will 
happen  under  given  circumstances;  and  the  other,  equally 
essential,  is  a  knowledge  of  history — of  the  particular  circum- 
stances of  the  present  moment,  out  of  which  the  future,  to  be 
predicted,  will  grow.  Failures  of  prediction  are  due  to  the 
lack  of  either  of  these  two  essential  conditions. 

An  example  of  a  failure  of  prediction  due  to  imperfect  knowl- 
edge of  facts  is  found  in  the  case  of  the  closure  of  the  Indian 
mints  to  silver  in  1893.  It  was  expected  that  the  value  of  the 
silver  rupee  would  be  maintained  at  16  pence.  But  no  account 
was  taken  of  the  large  coined  hoards  of  silver  among  the  natives. 
After  these  had  been  put  into  circulation  the  price  of  the  rupee 
did  eventually  rise  to  16  pence  and  has  remained  there  ever 
since.  In  this  case  the  failure  of  prediction  at  first  was  due, 
not  to  any  defect  in  monetary  science,  but  to  ignorance  of  Indian 
history. 

Usually,  however,  failures  in  economic  prediction  are  due 
to  the  lack  of  scientific  rather  than  of  historical  knowledge. 
In  the  Civil  War,  when  there  was  a  premium  on  gold,  the  scientific 
explanation  of  which  was  really  simple,  the  public  attributed 
the  premium  to  the  machinations  of  speculators.  Accord- 
ingly, Congress  was  induced  to  close  the  Gold  Exchange,  where- 
upon, to  the  consternation  of  the  framers  of  this  foolish  pro- 
hibition, the  premium  on  gold  soared  higher  than  ever.  The 
result  was  a  hasty  and  shamefaced  repeal. 

Experience  of  this  kind  is  too  common  in  economic  legis- 
lation. It  serves  as  a  warning  that  we  should  know  something 
of  economic  science  before  venturing  to  tamper  with  economic 
conditions.  The  men  who  need  this  warning  most  of  all  are 
those  who  despise  all  "theories"  and  call  themselves  "practi- 
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cal."  It  is  they  who  legislate  a  measure  one  day  and  have 
to  repeal  it  the  next.  A  truly  practical  man  can  predict  how 
a  measure  will  work,  and  his  power  so  to  do  requires  not  only 
what  is  called  "practical"  but  also  what  is  called  "theoretical" 
knowledge;  a  knowledge,  in  short,  not  only  of  history  but  of 
science. 
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The  address  of  the  retiring  vice-president,  Professor  Fisher,  on  "Economic 
Science,"*  was  followed  by  an  address  of  welcome  by  Professor  Frank  A. 
Fetter,  ex-secretary  of  the  American  Economic  Association,  in  which  the 
work  of  the  section  was  commended  for  its  services  in  emphasizing  the 
scientific  method  in  economics  in  contrast  with  the  conception  which  gave 
most  attention  to  tiieoretical  discipline. 

The  discussion  of  Professor  Norton's  paper  (see  below)  by  Dr.  W.  H. 
Welch,  of  Johns  Hopkins,  and  Dr.  A.  C.  Abbott,  of  the  Philadelphia  Board 
of  Health,  added  materially  to  the  value  of  this  session.  Dr.  George  W. 
Kober,  of  Washington,  and  Fred.  L.  Hoffman,  of  Newark,  sent  communi- 
cations on  this  paper,  the  latter  especially  criticizing  the  proposals  relating 
to  federal  control  of  medical  institutions. 

Economic  Advisability  of  a  National  Department  of  Health:  Professor 
J.  Pease  Norton,  Yale  University. 

The  salvation  of  the  civilization  and  the  race  lies  in  the  hands  of  excep- 
tional men.  The  hope  of  the  race  inheres  in  their  efficient  organization 
for  action.  Organization  consists  in  compelling  voluntarily  or  involun- 
tarily each  individual  to  do  that  thing  within  his  capability  which  has 
greatest  value  for  society.  To  do  otherwise  is  a  great  waste.  To  permit 
great  wastes  to  go  unchecked  is  more  than  a  suicidal  policy;  for  an  evil 
more  heinous  than  race  suicide  is  race  homicide. 

There  are  four  great  wastes  to-day,  the  more  lamentable  because  they 
are  unnecessary.  They  are  preventable  death,  preventable  sickness, 
preventable  conditions  of  low  physical  and  mental  efficiency,  and  prevent- 
able ignorance.  The  magnitude  of  these  wastes  is  testified  to  by  experts 
competent  to  judge.  They  play  their  part  in  a  cruel  devastating  destruc- 
tion that  is  almost  incredible  to  the  human  mind. 

The  economic  reasons  for  establishing  a  national  department  of  health 
are  five:  (i)  To  enable  society  to  progress  more  rapidly  under  the  law  of 
increasing  returns  through  increasing  the  per  cent,  of  exceptional  men 
of  each  degree  (many  of  whom  are  now  lost  through  preventable  accidents), 
in  addition  to  increasing  the  total  population.  (2)  To  lessen  the  burden 
of  the  unproductive  years  on  the  productive  years  by  increasing  the  average 
age  at  death.  (3)  To  ddcrease  the  burden  of  death  on  the  productive  years 
by  increasing  the  age  at  death.  If  the  expenses  of  illness  and  death  are 
$300  and  the  average  age  at  death  is  forty  years,  the  average  death  expenses 

*See  Science,  August  31,  1906. 
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average  $15  on  the  twenty  productive  years.  Could  the  average  age  be 
increased  to  50  years,  the  burden  falls  to  $10  or  a  decrease  of  fifty  per  cent. 
For  80,000,000  of  people,  the  saving  of  $1.50  per  year  of  life  would  be 
equivalent  to  $120,000,000  per  annum.  (4)  To  lessen  the  economic  burden 
of  sickness.  Assuming  Newholme's  figure  of  nine  days  average  illness  per 
annum,  approximately  2,000,000  years  of  life  are  lost  per  anniun.  Estimat- 
ing wages  at  $1  per  day,  and  all  other  expenses  $1  per  day,  $1,444,000,000 
loss  per  annum  is  registered  by  this  item.  Could  the  days  of  illness  be  cut 
down  one-third  nearly  $500,000,000  "w^ould  be  saved.  (5)  Higgins  has 
estimated  that  six  hundred  millions  are  now  spent  on  criminality  in  the 
United  States.  If  the  criminality  is  largely  the  product  of  social  environ- 
ment, such  as  over-crowding,  alcoholism,  etc.,  measures  which  would 
decrease  this  only  fractionally  are  worthy  of  consideration.  A  decrease 
of  165  per  cent,  would  result  in  savings  of  $100,000,000  per  annum. 

For  the  last  four  estimates,  the  total  savings  range  between  $1,800,000,00 
and  $4,000,000,000  per  annum.  In  addition  to  the  positive  gain,  in  addi- 
tion to  the  savings  above,  there  exists  a  vast  amount  of  misery  and  sorrow 
which  would  be  lessened,  but  may  not  be  measured  by  statistics. 

How  Shall  the  Destructive  Tendencies  of  Modern  Life  be  met  by  the  Indi- 
vidual? Dr.  Richard  Cole  Newton,  Montclair,  N.  J. 
First  of  all  a  physical  education  is  needed  to  develop,  strengthen  and 
preserve  the  body.  In  spite  of  mechanical  and  scientific  advance,  we  are 
far  behind  in  respect  to  the  rules  of  simple  and  healthful  living.  A  sys- 
tematic study  of  diet,  use  of  narcotics,  employment  of  exercises  as  they 
apply  to  10,000  people  for  ten  years,  would  settle  many  fundamental 
questions  which  nothing  short  of  government  could  successfully  undertake 
to  solve.  A  national  bureau  of  health  should  be  formed  to  undertake 
such  studies  and  experiments  as  are  necessary  to  make  these  inquiries. 
This  bureau  should  pass  on  every  new  remedy  and  every  proposed  system 
of  treatment,  so  that  the  humblest  citizen  might  know  that  he  will  not 
injure  himself  in  using  such  remedies  or  systems  of  treatment.  By  posi- 
tive directions  and  training  the  Japanese  have  made  their  armies  invincible. 
We  must  profit  by  their  example  if  we  would  maintain  our  national  life 
and  our  racial  preeminence. 

Limitation  of  Great  Fortunes:  Professor  J.ames  \\'alter  Crook,  Amherst 
College,  Mass. 

The  problems  connected  with  the  amassing  of  enormous  fortunes  have 
been  given  a  special  importance  by  President  Roosevelt's  A\'ashington 
address,  on  April  14.  The  remedy  by  him  proposed  was  a  progressive 
tax  so  framed  as  to  prevent  giving  or  bequeathing  fortunes,  over  a  given 
amount,  the  tax  to  be  imposed  by  the  federal  government. 

Unlimited  opportunity  to  accumulate  fortunes  has  a  selective  value 
by  attracting  a  large  share  of  the  best  talent  into  business.     A  change 
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would  affect  commercial  activity  as  a  pursuit.  It  would  create  a  new 
source  of  federal  income  and  greatly  modify  the  distribution  of  wealth 
in  the  community. 

We  must  remember  that  the  wealthy  in  large  measure  manage  their 
wealth  for  society.  Before  radical  action  we  should  consider  whether  the 
growth  of  large  fortunes  is  due  to  temporary  or  permanent  causes. 

The  causes  of  great  fortunes  are,  as  a  rule:  (i)  Underground  resources 
(mining,  oil,  etc);  (2)  development  of  transportation  facilities;  (3)  combi- 
nation of  corporate  enterprises;  (4)  increase  in  land  values;  (5)  speculation 
in  corporate  securities;  (6)  monopoly.  All  except  the  second  and  the  sixth 
are  still  open  fields  for  the  fortune  maker. 

Possibly  something,  not  much,  may  be  expected  as  a  remedy  from  seeking 
an  honorable  family  name,  from  public  service,  but  the  remedy  is  too 
remote. 

Of  the  three  methods  proposed:  (i)  An  arbitrary  limit  to  accumulation, 
(2)  progressive  income  tax,  and  (3)  progressive  inheritance  tax,  the  first 
is  arbitrary,  the  second  no  less  acceptable,  and  the  third  is  good  for  raising 
revenue  but  doubtful  as  a  means  of  repressing  accumulations. 

A  tax  heavy  enough  to  accomplish  the  purpose  would  raise  problems 
of  fiscal  administration  of  a  perplexing  character,  both  in  the  collection 
and  use  of  the  funds.  Economically,  such  a  tax  would  repress  industrial 
activity,  financially  it  might  cause  extravagance  in  governmental  expen- 
diture and  disturbance  of  the  money  market  by  its  collection. 

On  the  subject  of  agriculture  the  introductory  talk  of  Professor  L.  H. 
Bailey,  of  Cornell,  on  the  "Problems  of  Agriculture,"  and  the  paper  by 
Professor  G.  N.  Lauman,  on  "Rural  Conditions  and  Problems  in  Europe, 
were  timely  and  full  of  suggestion  in  the  service  of  American  experience. 

Professor  Bailey  said:  The  farm  is  going  to  be  laid  out  by  the  rural 
architect  with  regard  to  good  taste.  We  shall  begin  w^ith  the  highways 
and  take  down  the  advertising  signs  among  the  first.  Sanitation  will  play 
a  large  part.  Even  now  many  of  our  best  dair>^  stables  are  more  truly 
sanitary  than  the  majority  of  homes  in  city  or  country.  The  rural  home 
must  solve  its  servant  problem  (i)  by  simplifying  its  food  preparation, 
and  (2)  by  reduction  of  labor  with  mechanical  appliances. 

Causes  and  Consequences  of  the  Past  Ten  Years  of  Agricultural  Prosperity 
in   the    United  States:  George    K.    Holmes,    U.    S.    Department   of 
Agriculture. 
The  prosperity  of  farmers,  which  has  been  preeminently  in  evidence 
during  the  last  half-dozen  years,  must  be  and  is  logically  reflected  in  the 
higher  capitalization  of  their  lands,  and  in  better  and  additional  buildings 
and  other  improvements.     It  has  been  ascertained  by  the  U.  S.  Depart- 
ment of  Agriculture  that  the  farm  real  estate  of  the  United  States  increased 
33.5  per  cent,  in  value  during  the  five  years  following  the  census  of  1900,  or 
an  amount  that  averaged  $100,000,000  a  month  and  equaled  $6,000,000,000. 
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There  has  been  a  cessation  in  recent  years  of  the  longtime  tendency  to 
overproduction;  there  is  no  more  cheap  cultivable  land  of  nation,  state  and 
railroad  to  be  robbed  of  its  fertility  for  cheap  production.  The  agricultural 
population  is  becoming  a  smaller  fraction  of  total  inhabitants,  and  there  is 
a  nearer  approach  to  equilibrium  between  agricultural  production  and 
consumption,  helped  by  enormous  exports  of  cotton,  grain  and  meat.  In 
the  meantime,  immigration,  which  had  long  poured  its  hordes  upon  the 
farms,  has  changed  in  character  and  been  diverted  to  the  cities,  to  consume 
instead  of  multiply  the  products  of  the  farm.  Besides,  the  consumption 
per  capita  of  some  things  seems  to  have  increased — of  wheat,  meat  and 
its  products,  vegetables,  fruit,  poultry  and  eggs. 

These  are  among  the  chief  causes  that  are  making  agricultural  consump- 
tion tend  to  push  agricultural  production,  with  the  result  that  prices  have 
risen  and  farming  operations  have  become  more  profitable. 

The  greatest  economic  gain  that  the  farmer  has  made,  apart  from  higher 
prices,  is  the  freedom  to  shift  from  one  crop  to  another,  the  most  conspic- 
uous illustration  being  cotton.  Now  that  the  planter  is  not  generally 
working  against  a  crop  lien  bearing  40  per  cent,  interest  and  profit  to 
secure  advances  for  living  and  production,  and  has  no  creditor  who  will 
lend  on  no  security  but  cotton,  he  is  in  a  position  to  raise  cotton  or  some 
other  product,  as  he  pleases,  and  there  will  never  be  an  excessive  crop  of 
cotton  again,  unless  by  chance  for  one  year,  as  in  1903. 

Among  other  results  of  prosperity  are  the  ability  of  the  farmer  to  borrow 
at  a  low  rate  of  interest,  his  enormous  accumulations,  deposits  in  banks, 
and  investments,  the  cancellation  of  old  farm  mortgages,  and  his  ability 
to  hold  his  crop  after  harvest  until  the  price  is  satisfactory  to  him,  in  place 
of  dumping  it  upon  the  market  as  he  formerly  did  to  pay  debts  and  ex- 
penses.    The  farmer  now  has  an  impregnable  economic  position. 

Economic  Geography:  Dr.  J.  RussELL  S.mith,  Wharton  School.  University 
of  Pennsylvania. 

Economic  geography  is  a  study  of  the  world  in  which  we  live  as  a  place 
in  which  to  make  a  living.  Another  way  of  putting  it  is  that  it  is  the 
description  of  lands  in  terms  of  human  usefulness.  This  phase  of  geog- 
raphy does  not  permit  itself  to  be  carried  off  into  speculation  of  purely 
scientific  interest  unless  there  is  also  an  economic  aspect.  It  is  held  down 
by  that  cjualification  of  human  interest — usefulness  to  man. 

Almost  every  industry  and  every  form  of  human  activity  is  controlled 
by  the  physical  conditions  of  the  land  in  which  the  people  live.  The 
understanding  of  these  relations  is  economic  geography,  and  it  is  one  of  the 
shortcomings  of  our  educational  system  that  this  study  has  not  received 
greater  attention. 

Economic  geography  needs  to  go  into  higher  education  in  as  thorough 
a  way  as  has  been  the  case  with  history.  It  is  useful  not  only  to  other 
sciences  but  to  the  direct  preparation  of  the  individual  for  citizenship 
and  business. 
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The  concept  and  treatment  of  history  have  been  rapidly  changing  because 
of  the  growing  recognition  of  the  part  that  economic  conditions  have  had 
in  shaping  human  affairs.  The  understanding  of  the  past  and  the  {present 
are  ahke  in  their  requirements.  The  science  of  economics,  like  history, 
requires  for  its  understanding  the  fundamental  facts  of  economic  geog- 
raphy. Econom.ic  geography  gives  the  economic  facts  that  are  requisite 
to  an  understanding  of  economic  theory.  Many  of  the  problems  of  political 
science  also  grow  out  of  geographical  conditions. 

Private  industry  and  investment  also  depend  closely  upon  the  infor- 
mation given  by  economic  geography.  Twenty  years  ago  there  was  a 
great  rush  of  emigrants  into  western  Kansas.  They  were  unfamiliar 
with  the  economic  geography  of  the  region  and  a  quarter  of  a  million  of 
them  attempted  to  make  farm  homes  where  it  was  impossible  to  do  so. 
They  were  driven  out  bankrupt  after  years  of  labor,  and  eastern  mortgage 
holders  also  lost  millions.  Economic  geography  is  quite  as  important  to 
the  financier  as  to  the  representative  of  industry  or  government. 

On  the  general  theme  of  municipal  ownership  four  papers  were  presented. 
That  by  Charles  W.  Tooke  (Syracuse,  N.Y.)  dealt  with  legal  and  financial 
phases  of  the  problem.  The  discussion  was  opened  by  Charles  Whitney 
Baker  of  the  Engineering  News,  New  York  City,  who  said : 

The  "public  utilities"  in  cities  at  the  present  day  are  absolute  necessities; 
hence  their  control  or  operation  by  the  public  authorities  is  a  far  more  vital 
question  than  it  was  twenty  years  or  even  ten  years  ago. 

There  have  been  three  important  changes  in  the  public  point  of  view 
of  the  municipal  ownership  question:  First,  the  enemies  as  well  as  the 
friends  of  municipal  ownership  are  now^  agreed  that  public  utilities,  if  not 
owned  by  the  city,  must  be  operated  under  strict  franchises,  providing 
for  good  service  and  regulation  of  rates  and  limited  in  duration. 

Second,  all  are  agreed  that  "public  utilities"  are  natural  monopolies 
and  that  attempts  tocreate  competition  in  the  gas,  water  or  electric  supply, 
are  in  the  long  run  injurious,  both  to  the  stockholders  and  to  the  public, 
and  hence  should  not  be  permitted. 

Third,  the  recent  disclosures  of  inefficiency,  corruption  and  wholesale 
graft  in  some  of  the  private  corporations  which  the  public  has  been  accus- 
tomed to  regard  as  models  of  good  business  management,  have  enabled 
people  to  make  a  fairer  comparison  between  municipal  work  and  private 
work.  Public  utilities  in  most  cities  are  and  must  be  operated  by  large 
corporations,  unless  the  cities  themselves  take  charge.  In  these  corpora- 
tions, there  is  and  will  inevitably  be  more  or  less  red  tape,  ineflficiency, 
graft  and  corruption.  It  probably  still  remains  true  that  this  corporate 
management  will  generally  be  more  efficient  than  city  management,  but 
the  difference  is  far  from  being  as  great  as  has  usually  been  supposed. 

Public  Ownership  and  the  1 1  'age-Earners:  H.  T.  Newcomb,  Washington,  D.  C. 
In  its  eiTorts  to  convert   municipal,   state  and  national  governments 
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to  particular  portions  of  its  socialistic  program  the  persistent  propaganda 
of  public  ownership,  whose  tireless  activities  so  visibly  pervade  current 
American  politics,  usually  demands  the  support  of  wage-earners  upon  the 
ground  that  the  employees  of  public  enterprises  will  be  more  favorably 
treated  than  those  of  private  enterprises  in  the  same  field.  It  is  claimed 
that  public  ownership  means  higher  wages;  shorter  hours  of  labor,  and, 
generally,  better  conditions  of  employment. 

Experience  proves  not  only  that  the  government  is  not  the  best  employer, 
but  that  it  is  not  even  a  fair  employer.  Nor  is  this  all.  When  government 
engages  in  industry  on  a  large  scale  the  condition  of  its  employees  naturally 
and  inevitably  degenerates  to  that  of  slavery. 

Government  does  not  advance  wages  with  the  increased  cost  of  living. 

Democracy  is  an  arbitrary  employer.  Public  employees  must  not  seek 
to  better  their  condition,  on  penalty  of  discharge,  according  to  President 
Roosevelt's  order  of  January  31,  1902. 

Compulsory  labor  in  New  Zealand  (Parsons,  "Story  of  New  Zealand," 
p.  179  et  seq.)  gives  no  hope  to  labor  for  freedom  under  government  employ- 
ment. 

The  public  employer  has  neither  the  knowleclge  of  labor  conditions 
nor  the  incentive  to  efficiency  which  springs  from  the  demand  for  pecuniary 
success.  As  truly  as  republics  are  ungrateful,  the  majority  is  sure  to  prove 
harsh  as  a  task-master,  and  grudging  in  yielding  compensation  to  its 
servants.  Its  enthusiasms  are  usually,  not  always,  towards  generosity, 
but  they  are  changing,  remittant  and  unreliable,  while  its  sterner  morality 
produces  an  ideal  of  justice  that  inspires  the  niggardly  legislator  while 
he  crushes,  in  the  ostensible  interest  of  the  taxpayer,  every  proposal  to 
deal  fairly  and,  therefore,  wisely,  with  the  problems  arising  out  of  the 
public  employment  of  labor.  More  than  this,  democracy,  or  the  majority, 
through  which  it  operates,  is  intolerant  of  disagreement  with  its  principles, 
relentless  in  beating  down  opposition  to  its  policies,  merciless  to  the 
minority  which  persists  in  impeding  the  execution  of  its  will.  What  could 
such  an  employer  be,  in  dealing  with  labor  on  a  large  scale,  save  a  harsh 
task-master?  What  could  it  naturally  become  save  a  driver  of  shackled 
slaves?  Where  is  the  clear-headed  and  independent  wage-earner  who  will 
consciously  invoke  such  tyranny  ? 

Fallacies  of  Municipal  Ownership:  AllEn  Ripley  Foote,  Secretary  State 
Chamber  of  Commerce,  Columbus,  Ohio. 
The  most  beneficient  service  a  government  can  render  the  people  is  to 
correctly  regulate,  not  to  own  and  operate,  public  service  utilities.  Every 
gain  made  in  reducing  prices  for  services  charged  to  the  people  by  eliminat- 
ing the  political  elements  of  the  costs  of  ownership  and  operation  paid  by 
corporations,  can  be  eliminated  by  placing  corporations  under  a  correct 
system  of  regulation,  and  granting  them,  without  charge,  every  privilege 
enjoyed,  without  payment,  by  the  municipal  corporation. 


REPORT  OK  THE  SECRETARY.  305 

Politicians  now  take  advantage  of  corporate  mistakes  to  make  promises 
of  better  service.  They  make  a  show  of  keeping  their  promises  to  the 
people,  by  the  simple  process  of  not  charging  into  the  account  numerous 
items,  all  of  which  are  paid  by  corporations  and  must  be  covered  by  prices 
they  charge  for  services  rendered.  The  apparent  gains  sometimes  shown 
by  municipal  ownership  advocates  in  the  department  of  economic  costs, 
on  close  analysis  and  inspection  are  invariably  found  to  be  the  products 
of  political  book-keeping,  and  an  unsound  financial  polic}'.  These  include 
the  pavment  of  the  interest  account  on  bonds  out  of  the  tax-payers'  money 
and  charged  to  general  expense,  instead  of  to  the  operating  expenses  of  the 
utility;  no  insurance,  with  losses  by  fire  to  be  paid  out  similarly;  no 
account  taken  of  depreciation. 

Economic  gains  are  thus  shown,  but  not  made.  Such  gains  must  be 
earned;  they  cannot  be  created  by  a  flat  resolution.  Instead  of  making 
savings  for  the  people,  municipal  ownership  has  resulted  in  hampering, 
restricting  and  deadening  all  enterprises  and  improvement  in  the  industries 
it  has  absorbed,  and  in  placing  heavy  burdens  upon  the  tax-payers. 

Correct  regulation  would  require  all  corporation  accounts  to  be  kept 
in  the  form  prescribed  by  the  state  for  the  information  of  the  people. 
There  would  be  an  end  of  watered  stock ;  wars  between  competing  corpora- 
tions would  cease;  operating  costs  would  not  be  inflated  by  charges  for 
franchises  and  property  taxes;  prices  charged  for  services  would  be  true 
economic  prices. 

The  Corporate  and  the  Individual  Conscience:  Cora  Agnes  BennESOX, 
LL.  B.,  Cambridge,  Mass. 

Within  the  last  decade  great  changes  have  taken  place  in  business 
management.  From  individuals  it  has  passed  to  corporations,  composed 
of  individuals,  to  be  sure,  but  they  must  now  consider  corporate  instead 
of  personal  interests;  they  have,  or  should  have,  a  corporate  conscience. 

Granted,  that  although  a  corporation  proverbially  has  no  soul,  it  has  a 
corporate  conscience.  \\'ho  is  responsible  for  that  conscience — the  stock- 
holders, the  directors,  or  the  state? 

On  measures  involving  public  welfare,  the  state  conscience  should  be  on 
the  alert.  If  a  corporation  comers  a  necessary  commodity,  like  wheat 
or  coal,  or  uhduly  cheapens  labor,  it  is  dangerous  to  the  republic  and  the 
state  should  take  away  its  charter.  State  laws  should  be  passed  protecting 
minority  stockholders. 

The  directors  are  responsible  for  the  corporate  conscience,  when  they 
resort  to  double-dealing,  as,  for  instance,  privately  giving  lower  railroad 
rates  to  certain  corporations  than  to  individuals,  or  exploiting  the  corpor- 
ation for  private  ends.  The  remedy  lies  with  the  stockholders  to  put  such 
out  of  office.  Stockholders  are  responsible  for  the  corporate  conscience 
when  they  permit  corporate  measures  they  would  not  personally  sanction. 

Few  stockholders  attend  annual  meetings.  If  they  absent  themselves, 
what  right  have  they  to  complain  that  the  directors  are  self-elected  and 
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a  small  number  or  even  one  gains  control?  Attendance  gives  opportunity 
to  ask  questions;  the  more  searching  these  are,  the  more  welcome  are  they 
to  directors  who  have  nothing  to  conceal  and  who  have  kept  the  corporate 
conscience  clean. 

The  Public  Bath  System  of  Brooklyn:  William  H.  HalE,  Brooklyn,  N.  Y. 

A  system  of  free  baths  is  a  most  important  and  beneficent  exercise  of 
municipal  ownership,  conducing  as  it  does  to  public  health  and  ultimately 
to  improvement  of  public  morals. 

The  floating  baths  have  long  been  in  use  along  the  river  front  during  the 
summer  season;  three  of  these  dating  back  nearly  or  quite  thirty  years 
are  still  in  commission;  two  more  were  built  in  1897,  and  the  five  are  now 
open  to  the  public.  It  is  estimated  that  1,500,000  people  used  these 
baths  last  summer. 

The  system  of  interior  baths  open  the  year  around  is  very  recent.  Six 
have  been  opened  thus  far. 

These  baths  provide  shower  baths,  with  hot  and  cold  water,  free  to  all. 
Soap  is  provided  at  a  cent  a  cake  and  use  of  towels  for  a  cent.  Tubs  in 
private  rooms,  with  soap  and  use  of  towel,  cost  five  cents. 

Great  care  is  taken  to  keep  the  bath-houses  well  cleaned,  and  this  is  so 
well  done  that  many  of  our  good  citizens  use  the  public  baths,  and  many 
persons  regularly  come  from  New  York  to  use  them. 

Receipts  for  soap,  use  of  towels  and  use  of  tubs  in  1905  were  $4,446.75 
The  estimated  attendance  during  1905  was  6,000  a  day. 

The  cost  per  capita  of  each  bath  for  the  Montrose  Avenue  bath  for  April 
1906,  was  3.42  cents.  The  number  of  bathers  for  this  month  was  reported 
as  47,956,  and  the  cost  of  operation  of  that  bath  above  receipts  for  that 
month  was  estimated  at  $1,594.01.  This  does  not  include  the  cost  of  the 
water  used  nor  any  estimate  to  cover  rent  for  the  building,  but  merely 
operating  expenses. 

And  it  is  indeed  doubtful  whether  public  funds  can  in  any  way  be  better 
expended  than  in  the  cleansing  of  the  people  by  these  baths,  in  promoting 
health  and  comfort,  and  in  its  generally  ameliorating  eflfect.  It  is  the 
testimony  of  the  attendant  in  charge  of  the  bath  which  we  have  just  been 
discussing  that  it  has  a  distinctly  perceptible  eflfect  not  only  in  improving 
the  health,  but  also  in  elevating  the  moral  tone  of  the  community  in  that 
immediate  neighborhood. 

Regulation  of  Freight  Rates:  N.  T.  Bacon,  Peace  Dale,  R.  I. 

The  railroads  legitimately  object  to  freight  charges  based  on  mileage 
only,  that  in  many  cases,  and  especially  for  short  distances,  haulage  only 
represents  a  minor  part  of  the  cost  to  them,  being  of  less  importance  than 
switching,  and  the  use  of  terminals  and  rolling  stock.  To  meet  these 
objections  rates  are  proposed  based  on  three  subdivisions  of  the  charge: 

I.  Terminal  charges  for  switching  and  use  of  terminal  facilities.     For 
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this  all  stations  should  be  graded,  according  to  annual  freight  receipts, 
into  say  six  classes,  terminal  charges  to  be  uniform  for  each  grade  of  stations 
for  the  different  services  rendered  at  each  end. 

2.  Use  of  rolling  stock. 

3.  Haulage. 

All  these  should  dift'er  for  the  different  classes  of  freighl,  Init  all  rates 
and  gradings  should  be  published,  and  no  modification  allowed  without 
publication  a  month  in  advance.  Charges  should  be  only  for  services 
rendered,  so  that  in  case  of  concerns  owning  their  own  sidings  and  doing 
their  own  switching,  terminal  charges  would  be  eliminated  for  that  ter- 
minal, but  not  at  the  other  unless  the  freight  received  such  treatment 
at  both  ends.  Similarly  no  charges  should  be  made  for  rolling  stock 
against  firms  providing  their  own  cars,  except  that  where  they  are  re- 
turned empty  a  suitable  published  rate  should  be  made  for  this.  These 
are  the  legitimate  advantages  of  wealth,  but  no  illegitimate  advantages 
such  as  exclusive  contracts  should  be  tolerated.  Those  already  existing 
are  probably  ultra  vires  for  common  carriers  and  therefore  void. 

Freight  classification  should  be  left  to  periodical  conventions  of  general 
freight  agents.     It  is  too  complicated  for  any  other  treatment. 

Finally,  the  railroads  should  be  liable  for  demurrage  for  unreasonable 
delays,  on  a  basis  similar  to  that  on  which  they  charge  demurrage  for  delay 
in  unloading.  Some  allowance  should  be  made  for  extraordinary  demands; 
bus  favoritism  should  be  drastically  punishable,  and  the  president  or 
directors  of  a  railroad  should  be  personally  responsible  for  the  shortcom- 
ings of  subordinates,  without  exonerating  these.  Moreover,  those  finally 
responsible  should  be  under  heavy  bonds  and  not  at  liberty  to  avoid  suit 
by  taking  refuge  abroad.  Our  laws  should  be  altered,  to  allow  an  action 
in  rem  instead  of  in  personam  in  the  case  of  any  fugitive  from  justice  who 
does  not  return  on  publication  of  a  summons.  There  are  few  greater 
scandals  than  those  of  wealthy  men  abroad  defying  our  laws  while  they 
depend  on  them  for  the  enjoyment  of  the  income  of  their  property. 

The  Problem  of  Railroad  Taxation:  Herbert  N.  Ed\v.\rds,  Yale  University. 
The  modern  industrial  corporation  has  found  its  chief  field  of  operation 
in  transportation,  which  is  the  life  of  industrial  development.  In  the 
United  States,  methods  of  assessment  and  collection  of  taxes  on  these 
properties  are  so  varied  as  to  be  confusing.  But  in  principle  there  is  more 
uniformity.  Forty-seven  out  of  fifty  states  and  territories  tax  their 
railroads  on  the  basis  of  physical  valuation.  The  general  ])roperty  tax 
still  obtains  nearly  everywhere,  but  by  methods  differing  from  that  used 
in  taxing  individual  property.  The  method  in  most  common  use  is  the 
state  board  of  assessment  and  collection.  The  average  value  per  mile 
is  the  valuation  basis  to  which  any  given  rate  is  applied.  But  valuation 
is  in  some  cases  not  that  of  use  and  personal  property  but  of  the  stocks 
and  bonds  (Delaware,  Pennsylvania,  Massachusetts,  New  York)  supple- 
mented by  gross  receipts  tax. 
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Railway  taxes  are  now  the  chief  source  of  state  revenue  in  many  cases, 
leaving  the  general  property  tax  to  local  divisions.  In  Michigan  the  basis 
is  the  sum  of  values  of  the  tangible  and  intangible  property.  Plehn  advo- 
cates the  value  of  their  securities  as  the  best  basis  and  Seligman  the  taxation 
of  net  receipts.  The  states  now  derive  $60,000,000  revenue  from  this 
source.  Their  methods  are,  however,  inadequate  and  some  form  of  federal 
control  is  needed  for  the  sake  of  more  harmonious  methods. 

What  may  Accounting  teach  Economics?  Frederick  A.  Cleveland,  New 
York. 

To  the  economic  dogmatist  and  abstract  reasoner  who  conceives  eco- 
nomics as  composed  of  a  set  of  specific  doctrines  as  expounded  by  the 
physiocrats,  the  Malthusians  or  the  Marxians,  or  as  embraced  in  a  congeries 
of  concepts  known  as  the  abstinence  theory  of  capital,  the  marginal  theory 
of  rent,  the  residual  theory  of  labor,  the  quantity  theory  of  money  and 
the  utility  theory  of  value — to  these  accounting  can  teach  nothing. 

On  this  conception  of  economics,  after  a  centurj''  of  research  and  discus- 
sion, Professor  Hollander  holds  that  we  have  not  as  yet  developed  any 
scientific  conception  of  industrial  society.  Many  others  agree  with  him. 
Economics  as  a  branch  of  science  is  rather  concerned  with  the  group  activi- 
ties of  man  toward  individual  and  social  gain.  The  point  of  view  is  that 
(i)  of  economic  factors,  (2)  of  econom.ic  relations  (a)  to  the  material 
world  and  {b)  to  institutions  both  social  and  economic,  and  (3)  the  forms 
of  economic  income,  including  private  and  public  incomes. 

Already  considerable  progress  has  been  made  in  this  direction  by  others 
than  economists,  especially  by  the  student  of  history  and  public  law. 
Scientific  economics  considers  data  as  related  to  (i)  organization,  (2) 
problems  of  administration,  and  (3)  methods  and  technique.  We  must  lay 
aside  dogma  and  classify  data  to  get  an  intelligent  grasp  of  affairs. 

Accountancy  is  to  scientific  economics  what  the  clinic  is  to  medicine. 
The  examination  made  by  the  professional  accountant  is  for  purposes  of 
prescription.  A  record  of  the  diagnosis,  of  the  prescription,  of  the  remedial 
result,  and  of  the  history  of  the  performance  of  normal  physiological 
functions  recorded  in  the  accounts,  may  be  taken  as  the  data  upon  which 
broad  scientific  generalization  may  be  based;  this  broad  generalization 
should  be  made  by  the  conomist. 

Structure  of  Cities:  Richard  M.  Hurd,  President,  Lawyers'  Mortgage 
Company,  New  York. 
Cities  grow  and  conform  to  economic  law.  The  point  of  origin  is  that 
of  contact  with  the  outer  world.  In  its  organization  from  40  to  70  per 
cent,  of  the  area  is  used  for  streets,  the  balance  is  devoted  to  three  uses: 
business,  residences  and  public  buildings.  The  distribution  of  business 
utilities  is  purely  economic^  land  going  to  the  highest  bidder.  Residence 
areas  are  based  on  social  considerations.  Growth  is  axial  or  central — 
around  centers  or  around  the  circumference. 
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Central  growth  has  two  main  aspects:  first, general  growth  in  all  directions 
from  the  point  of  origin  and  second,  local  growth  around  subcenters  within 
the  city,  such  as  transportation  termini,  public  buildings,  exchanges, 
factories  and  hotels.  As  a  city  grows,  the  centralizing  influence  of  public 
buildings  steadily  diminishes  while  its  exchanges  assume  increasing 
importance,  these  varying  in  character  according  to  the  leading  business 
transacted  in  the  city.  Normal  growth  consists  of  the  gradual  aggregation 
of  buildings  of  the  same  character  due  to  the  gregariousness  of  mankind 
and  the  saving  in  time  from  the  close  juxtaposition  of  buildings.  Contin- 
uity is  a  vital  feature  of  all  growth,  whether  central  or  axial,  every  break 
causing  a  weakness  in  the  structure  similar  to  the  loss  of  a  link  in  a  chain. 
An  internal  movement  which  constantly  goes  on  is  the  gathering  together 
of  similar  forms  of  business  into  special  districts. 

There  are  three  main  causes  of  changes  in  a  city's  structure:  increase  of 
population,  increase  of  wealth,  and  new  transportation  facilities.  Increase 
of  population  without  increase  of  wealth  would  normally  tend  only  to  a 
gradual  extension  of  buildings  of  the  existing  character  over  a  larger  area. 
Increase  of  wealth,  however,  causes  continual  rebuilding  within  the  city, 
old-fashioned  shops,  dingy  offices  and  plain  residences  being  supplanted 
by  buildings  of  a  new  standard  of  magnificence.  New  and  improved 
methods  of  transportation  draw  residences  beyond  the  city's  limits,  con- 
centrate business  in  higher  buildings  at  the  center  and  establish  new  axes 
of  travel  as  additional  vertebrae  for  the  city.  More  and  more  in  the  life 
of  great  cities  is  improved  transit  of  importance,  the  tendency  being  for 
traffic  to  mass  at  intersecting  points  with  inferior  utilities  in  the  quiet 
side  streets. 

Insurance  Problems  relating  to  the  Management  of  Assets  and  Legal  Regu- 
lation of  Investments:  Dr.  Lester  W.  Zartmax,  Yale  University, 
(To  be  published  elsewhere.) 

The  New  York  insurance  investigation  revealed  the  dangers  and  abuses 
in  the  management  of  insurance  assets.  As  a  result  stricter  legal  regu- 
lation has  become  necessary.  The  evils  of  insurance  fund  management 
are  of  three  classes:  (i)  Officers  and  trustees  made  personal  profit  out  of 
the  company's  funds;  or  (2)  they  took  no  interest  in  the  disposition  of  the 
funds,  and  (3)  the  policy-holders  to  whom  the  funds  belong  exercised  no 
control  over  their  property. 

Stricter  limitation  of  the  investing  powers  of  officers  and  trustees  has 
not  proved  an  adequate  reform.  It  has  rather  produced  abuses,  such  as 
collateral  loans  and  trust  company  deposits,  both  of  which  should  be 
given  up. 

The  vulnerable  point  in  insurance  is  the  making  of  personal  profits  by 
officers  and  trustees.  Making  this  a  penal  offense  would  tend  to  divorce 
insurance  management  from  other  lines  of  business.  Stock  insurance 
companies  should  be  forbidden,  because  of  the  danger  of  stock  control,  and 
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real  mutuality  secured.  Abolish  the  proxy  system  and  provide  voting  of 
policy-holders  by  mail  for  boards  of  managers  are  in  the  right  direction. 
More  reliance  should  be  placed  on  the  election  of  responsible  directors 
than  in  strict  legal  regulation. 

Mathematics  and  Formal  Discipline:  Joseph  V.  CoLLixs,  State  Normal 
School,  Stevens  Point,  Wis. 

In  the  training  of  the  reasoning  powers  the  service  of  that  faculty  in 
social  and  economic  science  is  to  be  considered.  Professor  Lewis  (Dart- 
mouth) in  his  study  of  formal  discipline  by  tests  in  geometry  and  practical 
reasoning  {School  Review,  April,  1905)  shows  that  a  relationship  exists  but 
does  not  prove  the  faculty  theory  true.  Tables  prepared  by  the  author 
of  the  present  paper  show  that  what  a  student  does  in  any  subject  depends 
more  on  his  mental  equipment  and  native  environment  than  on  the  partic- 
ular matter  considered. 

Mathematics  gives  a  training  sui  generis.  In  arithmetic  the  problems 
correlate  at  many  points  with  the  actual  affairs  of  life.  Speaking  broadly, 
though,  the  most  important  effects  of  the  mathematical  training  are  abilities 
of  quite  general  application:  as,  holding  a  number  of  particulars  in  the 
mind  at  one  time,  training  in  sustained  reasoning,  habit  of  overcoming 
difficulties,  recognizing  the  universality  of  the  application  of  correctly 
stated  laws,  perceiving  the  need  of  care  to  secure  the  accuracy  of  results 
required,  and  so  on.  These  powers  have  identity  of  qualities  with  multi- 
tudes of  activities  the  individual  finds  himself  engaged  in  in  after  life. 
They  thus  furnish  hooks  on  which  to  hang  new  experiences  and  conquer 
new  problems.  In  these  ways  perhaps  more  than  in  any  others  mathe- 
matics justifies  its  place  in  the  course. 

The  following  papers  were  read  by  title  or  in  abstract: 

Conditions    and    Needs    of    Southern    Agriculture:  Professor    Andrew    M. 
SouLE,  Blacksburg,  \'a. 

Labor  Conditions  in  Southern  Farming:  Professor  F.  W.  MassEY,  Raleigh, 
N.  C. 

Value  of  an  Organized  ]]'orking  Force  in  Industry:  President  E.  L.  Black- 
shEar,  Prairie  View,  Texas. 

Restriction   of    Telegraph   Development    Under    Monopoly   Control:  Romvn' 
Hitchcock,  New  York. 

J.  Fraxklin  Crowell, 

Secretary. 


SECTION    K. 


Physiology  and  Experimental 
Medicine. 
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Vice-President  and  Chairman  of  the  Section. 
SiMOX  FlExxer. 

Secretary. 
W'yi.  J.  GiES,  Columbia  University,  New  York,  N.  Y. 

Member  of  Council. 
Alexander  C.  Abbott. 

Sectional  Committee. 

SiMOX  FlExxer,  Vice-President,  1906;  \Vm.  J.  GiES,  Secretary,  igos-'oS. 

Fraxk  Baker,  i  year;  C.  S.  Minot,  2  years;  J.  McK.  Cattell,  3  years; 

LuDviG  Hektoen,  4  years;  Graham  Lusk,  5  years. 

Metnber  of  General  Committee. 
James  Carroll. 

Press  Secretary. 
\Vm.  J.  GiEs. 

[No  meeting  of  Section   K  was  held  and  no  papers  presented  at  the 
Ithaca  meeting.] 
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Report  of  the  General  Secretary. 


The  fifty-sixth  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  was  held  at  Ithaca,  New  York,  June  28-JuIy  3,  1906. 
This  meeting  was  peculiar  in  being  an  extra  meeting  in  the  summer,  the 
winter  meeting  at  New  Orleans  having  been  held  only  six  months  before, 
and  a  winter  meeting  being  planned  for  New  York  six  months  later.  As  a 
consequence  of  the  fact  that  it  was  an  extra  meeting,  there  were  no  presi- 
dential addresses,  no  election  of  oilficers,  except  to  fill  vacancies,  and  there 
was  but  little  action  of  any  kind  taken  by  the  council. 

The  registered  atendance  of  the  association  members  was  232,  and  94 
members  of  the  American  Chemical  Society  were  known  to  be  present  who 
were  not  registered  as  members  of  the  association,  making  a  clearly  ascer- 
tained total  attendance  of  326.  Other  information,  derived  from  the 
registration  of  four  aflSliated  societies,  indicates  that  the  total  attendance 
was  about  400.  As  to  attendance,  the  meeting  was  intermediate  between 
the  two  meetings  next  preceding,  namely,  at  New  Orleans  and  at  Phila- 
delphia. 

The  following  table  shows  the  registered  attendance  by  sections,  and  the 
affiliated  societies  which  met  at  Ithaca: 

Section  A,  i.    (No  meeting  of  section  was  held.) 

Section  B,  50.    American  Physical  Society, 

Section  C,  45.  American  Chemical  Society  and  the  New  York  Chapter 
of  the  Society  for  Chemical  Industry. 

Section  D,  23.   Society  for  the  Promotion  of  Engineering  Education. 

Section  E,  14. 

Section  F,  42.   American  Microscopical  Society. 

Section  G,  30. 

Section  H,  6.    (No  meeting  of  the  section  was  held.) 

Section  I,  14. 

Section  K,  3.   (No  meeting  of  the  section  was  held.) 

Four  persons  registered  indicated  no  preference  as  to  section. 

Section  B  and  the  American  Physical  Society  had  a  joint  program  of 
29  papers,  in  which  no  distinction  was  made  between  the  papers  furnished 
by  the  two  organizations,  the  papers  being  arranged  according  to  topics. 

Section  C  held  no  formal  meeting.  Its  secretary  aided  the  representa- 
tives of  the  American  Chemical  Society  in  preparing  the  program  of  their 


3l6  EXECUTIVE    PROCEEDINGS. 

Ithaca  meeting,  and  in  making  preparations  for  a  joint  meeting  in  New 
York.  This  society  had  a  program  of  more  than  80  papers,  and  its  meet- 
ings were  divided  into  sections. 

The  chemists  constituted  about  one-third  of  the  total  attendance  at 
Ithaca.  The  chemists  and  physicists  together  constituted  about  one-half 
of  the  total  attendance. 

It  is  interesting  to  note  further  that  of  the  231  members  of  the  asso- 
ciation registered,  about  one-half,  or  :2i  to  be  exact,  are  members  of  the 
aflfiliated  societies  meeting  at  this  time  and  place. 

The  geographical  distribution  of  the  members  in  attendance  can  be 
computed  only  for  the  231  registered  members  of  the  association;  of 
these,  94  come  from  New  York  State;  20  from  Massachusetts;  17  from 
Pennsylvania;  16  from  the  District  of  Columbia;  12  from  Ohio;  10  from 
Illinois;  7  from  Michigan;  5  from  Indiana;  5  from  New  Jersey;  4  from 
Canada,  Kentucky  and  California;  3  from  New  Hampshire,  Minnesota, 
Missouri,  Connecticut  and  Virginia;  2  from  Iowa,  Nebraska  and  Mary- 
land; and  I  each  from  Tennessee,  North  Carolina,  Alabama,  South  Caro- 
lina, Mississippi,  Vermont,  Rhode  Island,  Wisconsin  and  Kansas. 

The  meetings  of  Section  D  were  held  on  Friday  and  Saturday.  They 
were  followed  by  those  of  the  Society  for  the  Promotion  of  Engineering 
Education  in  the  same  room  on  Monday  and  Tuesday,  with  an  attendance 
about  50  per  cent,  greater  than  that  of  Section  D. 

Section  E  held  two  sessions  on  one  day  for  the  reading  of  papers,  and 
devoted  the  remaining  three  days  to  excursions  to  points  of  interest  from 
a  geological  point  of  view,  near  the  northern  end  of  Cayuga  Lake,  near 
the  southern  end  of  Cayuga  Lake,  and  at  Enfield  Glen. 

Section  F  and  the  American  Microscopical  Society  had  a  joint  program. 

Section  G  spent  two  and  a  half  days  in  excursions  to  points  of  special 
interest  from  the  botanical  point  of  view,  including  a  visit  to  Enfield 
Gorge.  One  day  was  spent  in  informal  discussion  of  matters  observed 
on  the  excursions.  The  Fern  Chapter  and  the  Society  for  Horticultural 
Science  met  at  Ithaca  just  before  the  meeting  of  the  association. 

The  attendance  at  the  meetings  of  Section  I  was  25  to  40,  considerably 
in  excess  of  the  registered  number  of  members  of  that  section  (14).  Nine- 
teen papers  were  presented. 

The  relations  between  sections  and  affiliated  societies  were  entirely 
harmonious  in  every  case,  the  officers  cooperating  cordially  in  a  common 
cause. 

Cornell  University  placed  its  buildings  at  the  disposal  of  the  association, 
and  each  day  furnished  a  mid-day  lunch  to  the  members.  An  appropriate 
resolution  of  thanks  was  adopted. 

The  following  general  events  added  greatly  to  the  meeting: 

1.  The  informal  smoker  at  the  Town  and  Gown  Club  on  Thursday 
evening. 

2.  The  formal  opening  and  dedication  of  Rockefeller  Hall,  the  magnifi- 
cent new  Physical  Laboratory  of  Cornell  University,  on  Friday  afternoon, 
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with  short  addresses  by  President  J.  G.  Schurnian,  Professor  H.  L.  Nichols, 
Dr.  Elihu  Thomson,  Dr.  \V.  H.  Welch  (the  president  of  the  association) 
and  a  letter  from  Professor  W.  A.  Anthony,  read  by  Professor  E.  Merritt. 

3.  An  address  on  Saturday  evening  by  Professor  Henry  S.  Carhart, 
of  the  University  of  Michigan,  on  "The  South  African  Meeting  of  the 
British  Association  for  the  Advancement  of  Science,"  illustrated  by  a 
most  excellent  series  of  lantern  slides. 

4.  A  reception  on  Monday  afternoon  by  Dr.  and  Mrs.  Andrew  D.  White 
at  their  residence  on  East  Avenue. 

5.  A  public  address  on  the  recent  California  earthquake  by  Professor 
J.  C.  Branner,  vice-president  of  Stanford  University,  given  under  the 
auspices  of  the  local  chapter  of  Sigma  Xi  in  commemoration  of  the  twen- 
tieth anniversary  of  the  founding  of  the  society.  This  was  immediately 
followed  by  a  Sigma  Xi  banquet,  which  was  largely  attended. 

There  were  during  the  meeting,  both  within  and  outside  of  the  council, 
various  discussions  of  the  relations  of  the  association  and  of  the  aflfiliated 
societies.  The  only  resolutions  passed  by  the  council  bearing  directly 
upon  this  matter  follow: 

Resolved,  That  the  secretary  of  each  section  be  required  to  prepare 
for  the  New  York  meeting  a  program  of  general  interest  for  at  least  one 
session  of  his  section. 

Resolved,  That  the  secretaries  of  the  section  be  requested  to  confer 
with  each  other,  and  with  the  secretaries  of  affiliated  societies,  regarding 
the  relation  of  programs  for  the  New  York  meeting,  and 

Further,  That  the  sectional  committees  be  empowered  to  turn  over 
technical  papers  to  the  technical  societies,  and 

On  motion,  the  permanent  secretary  was  instructed  to  prepare  a  list 
of  members  of  the  association  who  belong  to  the  affiliated  societies  accepted 
as  possessing  proper  qualifications,  and  to  submit  these  names  to  the 
council  at  the  New  York  meeting,  with  the  recommendation  that  they 
be  elected  as  fellows. 

The  social  features  of  the  meeting  were  unusually  pleasant ;  and,  although 
there  was  no  central  rallying  point  for  all  the  scientific  people  in  attend- 
ance, except  the  luncheon  place  at  i  o'clock,  the  opportunities  for  social 
converse  were  many. 

The  Ithaca  meeting  will  be  remembered  by  those  who  attended  it  as 
one  of  moderate  size,  thoroughly  successful  as  to  number  and  quality  of 
papers  presented,  characterized  throughout  by  harmonious  relations, 
especially  notable  for  pleasant  and  profitable  excursions,  and  given  a 
tone  of  peculiar  charm  by  scenic  surroundings  unrivaled  by  those  of  any 
other  college  campus  in  the  United  States. 

The  addresses  made  at  the  opening  general  session  in  Barnes  Hall  on 
Friday,  June  28,  are  appended  to  this  report. 

John  F.  Hayford, 
General  Secretary. 
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The  first  general  session  of  the  association  was  held  in  Barnes  Hall, 
Cornell  University,  at  lo  o'clock  on  Friday  morning,  June  29,  1906.  The 
president  of  the  association,  Dr.  William  H.  Welch,  after  calling  the  meet- 
ing to  order,  introduced  Dr.  f.  G.  Schurman,  president  of  Cornell  Uni- 
versity, who  delivered  the  following  address  of  welcome: 

Ladies  and  Gentlemen:  I  have  very  much  pleasure,  on  behalf  of  the 
university  under  whose  auspices  you  meet,  to  extend  a  cordial  welcome 
to  the  members  of  the  American  Association  for  the  Advancement  of 
Science,  to  the  affiliated  societies  and  to  the  friends  who  accompany  them 
here.  We  feel  it  a  great  honor  to  have  under  our  roof  so  large  a  gathering 
of  distinguished  scientists  from  all  parts  of  the  country. 

I  notice  that  you  have  timed  your  meeting  so  that  you  may  be  home 
by  the  Fourth  of  July  to  properly  celebrate  that  day.  I  was  thinking 
that  if  you  practised  on  this  occasion  the  scientific  habit  of  analysis,  and 
asked  yourselves  what  was  especially  worthy  of  celebration  in  the  day, 
you  would  perhaps  sum  it  up  under  two  or  three  heads.  One  of  them 
undoubtedly  would  be  the  fact  of  a  great  nation  of  freemen  governing 
themselves.  The  second,  I  think,  would  be  the  splendid  mechanisms  for 
the  production  and  transportation  of  economic  commodities  which  this 
republic  has  developed  since  the  first  Declaration  of  Independence.  And 
I  think  the  third  would  be  the  unusually  high  level  of  material  comfort 
which  the  great  majority  of  our  population  enjoy.  You  see  I  have  made 
a  close  connection  between  the  third  of  July  and  the  fourth.  If  I  am  right 
in  the  analysis  I  have  made,  and  have  described  correctly  the  three  most 
important  things  that  this  republic  has  to  celebrate  as  each  fourth  of 
July  returns,  we  can  recognize  that  two  of  them,  at  least,  are  the  results 
of  the  labors  of  scientists.  We  cannot,  perhaps,  attribute  to  scientists  a 
larger  share  than  we  attribute  to  other  citizens  in  the  bringing  out  and 
maintaining  of  a  free  government,  but  if  w-e  have  our  splendid  system 
of  economic  production,  and  if  the  tide  of  material  comfort  runs  higher 
here  than  anywhere  else  on  the  globe,  it  is  due,  first  of  all,  to  the  abundant 
resources  of  our  country,  and  secondly  to  the  discoveries  and  investi- 
gations for  which  scientific  men  are  responsible.  And  when  I  say  that 
scientific  men  have  in  this  way  helped  to  produce  two  out  of  the  three 
most  important  things  which  characterize  our  own  republic,  I  do  not 
feel  that  I  have  exhausted  their  highest  work,  for  science  has  during  the 
last  hundred  years  revolutionized  the  civilization  of  the  world.  It  has 
in  other  countries,  as  in  our  own,  increased  material  comforts,  multiplied 
inventions,  and  extended  knowledge.  It  has  introduced  new  modes  of 
thought  and  new  standards  of  evidence.  The  civilization  of  the  earlier 
centuries  was  colored  and  molded  by  hearsay  and  tradition,  whereas  one 
of  the  most  splendid  achievements  that  has  come  to  our  age  through  the 
advance  of  science  is  the  resting  of  knowledge  on  evidence,  and  on  theory 
and  hypothesis  only  as  they  are  maintained  by  it.  No  one  who  has  studied 
the  thought  and  considered  the  progress  of  the  world  in  its  highest  spir- 
itual aspects  can  feel  that  I  have  stated  the  fact  too  strongly  in  saying 
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that  science  has  revohit ionized  the  civilization  of  the  past — first  of  all, 
that  of  Europe  and  of  America,  and  later  that  of  Asia  also. 

So,  ladies  and  gentlemen,  we  at  Cornell  University  feel  it  a  great  honor 
to  have  in  our  midst  for  a  number  of  days  the  representatives  of  those 
men  and  women  who  by  the  achievements  of  their  labors  and  intellects 
are  really  shaping  the  advance  of  nations  and  molding  the  civilization 
of  mankind.  I  am  not  certain  that  we  can  adequately  show  you  the 
honor  which  we  feel.  We  labor  under  a  certain  disadvantage,  for  it  is 
now  vacation  and  many  members  of  our  faculty  have  left  th.eir  homes, 
but  what  it  was  in  our  power  to  do  we  have  done.  We  have  placed  the 
facilities  of  the  university  here  freely  at  your  disposal.  Ithaca  is  not  as 
well  provided  with  hotels  as  some  of  the  larger  cities,  and  so  to  supple- 
ment our  local  resources  in  that  regard  we  have  opened  Sage  College,  and 
the  graduates  and  undergraduates  who  control  fraternity  houses  have 
also  thrown  them  open.  Our  members  will  be  ready,  as  the  announce- 
ment explains,  to  take  excursions  to  different  parts  of  the  surrounding 
country.  We  believe  that  we  have  here  the  most  beautiful  and  most 
romantic  college  or  university  campus  in  the  world.  What  lies  in  our 
power  we  are  anxious  to  do.  Our  trustees  have  arranged  for  a  luncheon 
to  be  served  to  you  daily  in  the  University  Armory  during  your  stay.  I 
hope,  Mr.  President,  you  will  not  expect  too  much  of  us.  A\'e  have  done 
the  most  we  could  in  the  way  of  entertainment,  and  we  hope  you  will 
accept  the  will  for  the  larger  deed  which  might  have  been  possible  in 
Washington,  Baltimore  or  New  York. 

Ladies  and  gentlemen,  once  more  I  express  the  great  pleasure  we  feel 
in  having  you  with  us,  and  in  the  name  and  on  behalf  of  Cornell  University 
I  put  what  we  have  at  your  free  disposal. 

President  Welch  then  introduced  the  Hon.  Bradford  Almy,  mayor  of 
Ithaca,  who  welcomed  the  association  to  the  city  in  the  following  address : 

Mr.  President,  and  Ladies  and  Gentlemen:  The  people  of  this  city 
rightfully  feel  that  this  is  an  important  event  with  them.  They  feel  that 
Cornell  University,  the  institution  in  which  they  take  so  much  pride,  is 
the  cause  of  their  having  the  pleasure  of  your  visit  to  our  city  at  this  time. 
That  an  organization  so  eminently  distinguished  as  the  American  Associa- 
tion for  the  Advancement  of  Science,  composed  of  individual  leaders  in 
thought,  labor  and  achievement  along  all  the  lines  that  lead  to  the  progress, 
welfare  and  happiness  of  our  people,  should  assemble  in  Ithaca  for  their 
deliberations  is  a  compliment  which  we  sincerely  appreciate  and  for  which 
we  are  very  glad. 

The  profound  sense  of  gratitude  which  we  all  feel  for  the  heroes,  self- 
sacrificing  in  their  labors  as  pioneers  of  science,  who  caused  a  ray  of  light 
to  shine  here  and  there  in  the  utter  darkness,  may  perhaps  be  a  measure 
of  the  feelings  which  we  have  for  you  men  and  you  women  who  are  laboring 
along  lines  of  work  so  persistently  followed  and  so  diligently  wrought  out 
for  the  benefit  of  mankind  and  the  civilization  of  the  world.  We  can  all 
remember,  for  it  was  not  so  very  long  ago,  when  science  and  religion  were 
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believed  to  be  at  war  with  each  other.  That  thought  delayed  its  progress 
for  a  time,  but  science  has  made  great  advance  during  the  years  since  that 
idea  has  left  the  minds  of  men.  Happily,  those  times  are  past,  and  to-day 
science  is  regarded  as  more  than  the  handmaid  of  religion.  In  bidding 
you  the  hearty  welcome  to  our  little  city,  which  I  have  the  honor  and 
pleasure  of  extending  to  you  on  behalf  of  our  people,  I  bid  you  Godspeed 
in  the  noblest  work  that  can  engage  the  thoughts  and  energies  of  mankind. 
At  the  same  time,  while  we  are  conscious  that  the  advancement  in  the 
last  fifty  years  has  been  so  great  and  so  strengthens  the  courage  and 
inspires  the  zeal  for  future  work,  we  realize  how  diminutive  are  the  regions 
of  the  known  compared  with  the  vast,  untrodden  wilderness  on  the  border 
land  of  which  you  stand. 

In  closing,  let  me  express  the  wish  that  you  may  have  as  prosperous 
a  congress  here  as  you  have  expected,  that  you  may  enjoy  your  visit  as 
much  as  we  hope  you  will  and  that  you  may  go  away  with  pleasant  recollec- 
tions of  us  and  of  Ithaca. 

President  Welch  made  response  to  the  addresses  of  welcome,  as  follows : 

L-^DiEs  AND  Gentlemen:  In  behalf  of  the  members  of  the  association, 
of  our  guests  and  all  here  present,  I  wish  to  express  to  you.  President 
Schurman  and  Mayor  Almy,  our  very  cordial  appreciation  of  the  words 
of  welcome  which  you  have  given  us.  This  is  the  first  meeting  of  the 
association  in  Ithaca.  It  is  also  a  renewal  of  an  old  custom  of  holding  a 
midsummer  meeting,  and  I  do  not  know  where  that  renewal,  somewhat 
experimental,  of  the  old  custom  could  be  inaugurated  under  more  favorable 
conditions  than  in  this  place.  Where  could  this  association  feel  more  at 
home  than  here  at  this  home  of  learning  and  of  science.^  It  must,  I  think, 
be  a  satisfaction  to  the  members  at  Cornell  University  to  be  enabled  to 
show  to  their  fellow  members  in  this  association  the  splendid  opportunities 
which  exist  and  the  evidences  of  the  great  work  done  here,  and  it  is  equally 
a  pleasure  and  source  of  profit  to  us  to  enjoy  this  privilege.  We  know 
that  this  is  one  of  the  great  and  leading  universities  of  the  country;  that 
when  it  was  founded  Cornell  University  was  enabled  to  do  a  work  that 
was  highly  distinctive  and  significant  and  which  marked  a  great  advance 
in  higher  education  in  America,  and  that  this  position  of  leadership  it 
has  never  lost.  It  is  a  great  delight  to  come  at  this  time  of  the  year  to 
this  charming  town  and  enjoy  the  wonderful  beauties  of  nature  in  this 
region.  They  appeal  not  only  to  lovers  of  science,  but  to  lovers  of  nature 
as  well,  and  it  would  seem  that  the  study  of  natural  history  must  be  stimu- 
lated by  such  surroundings  as  exist  here.  So,  I  say,  we  are  particularly 
fortunate  in  coming  to  Ithaca  and  to  Cornell  University  at  this  time. 

The  American  Association  for  the  Advancement  of  Science  has  had  a 
very  useful  and  honorable  history.  At  the  time  it  was  founded,  and  for 
many  years  afterward,  it  was  possible  for  a  single  association  to  represent 
in  a  very  definite  and  concrete  way  all  the  existing  natural  and  physical 
science  in  this  country.  During  this  period  the  scientific  activities  of  the 
country  were  represented  more  adequately  and  comprehensively  in  this 
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association  tlian  in  any  other  body.  But  at  time  went  on,  science  in  its 
various  branches  extended  and  grew,  conditions  changed,  and  it  became 
evident  that  it  was  necessary  for  the  association  to  adjust  itself  to  those 
new  conditions,  the  main  one  being  the  specialization  of  scientific  work. 
That  specialization  has  been  a  great  instrumentality  in  the  progress  of 
science  throughout  the  world,  but  nevertheless  it  has  certain  disadvantages 
and  even  dangers  of  its  own.  I  believe  that  the  highest  function  of  this 
association  is  to  try  to  minimize  to  the  greatest  possible  extent  the  dangers 
that  may  arise  from  the  minute  subdivision  of  scientific  research.  As 
its  name  implies,  this  association  represents  a  central  body  for  the  advance- 
ment, and,  it  may  be  added,  the  diffusion  and  the  organization  of  science 
in  America.  It  may  be  at  times  a  little  burdensome  for  active  workers 
in  one  department  of  science  to  feel  interested  in  the  central  organization, 
but  I  conceive  it  to  be  their  highest  duty  to  do  so.  They  should  consider 
the  interests  of  science  as  a  whole  in  this  country,  as  well  as  those  of  their 
particular  branch  of  science,  for  unless  the  whole  tree  of  science  flourishes 
the  branches  will  suffer. 

This  association  represents,  as  it  were,  an  association  of  various  special 
scientific  societies,  perhaps  more  than  an  association  of  various  scientific 
workers.  It  is  necessary  to  have  this  coordination  of  societies  in  order 
to  bring  together  the  great  body  of  scientific  workers  throughout  the 
country,  but  in  the  plan  of  our  organization  the  aflfiliated  societies  in  no 
sense  lose  their  autonomy  and  it  is  essential  that  they  should  not.  The 
centers  of  scientific  activity  in  this  country  are  not  concentrated  in  a  few 
points,  as  in  most  European  countries,  and  it  is  believed  that  this  plan 
of  organization  best  meets  the  special  conditions  of  science  in  America. 

It  is  very  important,  under  our  form  of  government,  that  there  should 
be  a  central  authoritative  voice  which  speaks  for  science.  How  many 
questions  there  are,  as  has  been  suggested  by  President  Schurman,  relating 
to  the  highest  welfare  of  society  which  can  be  solved  only  by  science,  and 
how  important  it  is  that  workers  in  kindred  subjects  should  be  brought 
into  contact  with  each  other!  There  are  matters  of  education,  matters 
of  public  policy,  and  matters  of  research  in  all  departments  of  the  govern- 
ment and  of  national  life  that  sustain  very  close  relations  to  the  opinions 
of  scientific  men,  and  it  is,  therefore,  of  first  importance  that  there  should 
be  a  body  which  can  express  in  an  authoritative  and  representative  way 
the  scientific  opinon  of  the  country. 

This  experiment  of  renewing  the  midsummer  meeting  indicates  in  a 
measure  the  great  growth  in  membership  and  in  influence  of  this  associa- 
tion. In  so  doing,  of  course  there  is  no  intention  of  abandoning  the  meet- 
ings in  the  winter.  It  was  necessary,  in  bringing  about  a  proper  adjust- 
ment of  the  work  and  aims  of  the  association  to  the  specialization  of 
science  as  represented  in  the  various  affiliated  societies,  to  adopt  the  plan 
of  a  winter  meeting,  but  the  association,  while  gaining  much,  undoubtedly 
lost  something  by  it.  Certain  members,  desirable  to  have  with  us,  were 
unable  to  attend,  and  the  more  popular  side  of  the  work  may  have  suffered 
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somewhat  because  of  the  more  special  and  technical  character  of  the 
papers  presented  at  the  meetings  in  the  winter.  There  are  many,  such  as 
school  teachers,  amateurs  and  others  intelligently  interested  in  natural 
and  physical  science,  but  not  actively  engaged  in  research,  whose  support 
and  interest  it  is  desirable  that  the  association  should  secure  and  who 
formerly  attended  the  summer  meetings.  It  is  to  be  hoped  that  this  effort 
to  renew  that  kind  of  work  and  influence  of  the  association  which  was 
expressed  in  the  old  days  by  the  midsummer  meeting  will  be  successful 
and  this  extension  of  influence  can  be  secured  without  any  impairment 
of  strictly  scientific  aims.  As  I  have  said,  we  certainly  could  not  inaugu- 
rate the  movement  under  better  conditions  than  at  this  time  and  in  this 
place. 

This  is  the  first  opportunity  that  I  have  had  to  appear  in  my  official 
capacity  before  the  association,  and  I  wish  to  express  my  appreciation 
of  the  distinguished  honor  which  was  conferred  on  me  at  the  meeting  in 
New  Orleans.  The  honor  is  not  merely  a  personal  one,  but  I  interpret 
it  as  a  recognition  of  medical  science  as  an  integral,  coordinate  part  of 
the  natural  science  of  this  country;  and  medical  science,  in  my  judgment, 
fully  merits  this  recognition  on  account  of  the  paths  which  it  has  opened 
up  and  followed  and  the  great  advance  which  it  has  made  in  recent  years. 

President  Schurman  has  indicated  to  us  the  intimate  relations  which 
science  sustains  to  the  highest  interests  of  society  throughout  the  world, 
and  this  condition  has  been  brought  about  largely  through  scientific 
discoveries  and  their  application  to  useful  purposes.  It  is  the  glory  of 
medicine  that  in  these  later  days  it  has  been  able  to  contiibute  its  share, 
a  share  not  unworthy  of  its  rank  among  the  sciences  of  man  and  of  nature, 
toward  the  advancement  of  useful  knowledge.  It  has  done  so  partly 
by  recognizing  the  fact  that  a  large  part  of  medical  science  is  essentially 
biological  science,  and  that  this  is  not  only  true  of  normal  anatomy  and 
physiology,  but  that  pathology,  the  science  of  disordered  structure  and 
function,  may  be  considered  and  cultivated  to  a  large  extent  as  biological 
science.  This  has  been  one  of  the  reasons  for  the  great  advance  in  medicine. 
The  scientific  method,  the  method  of  observation,  experiment  and  reason- 
ing, in  contrast  with  the  dogmatism,  speculation  and  reliance  on  authority 
which  for  centuries  dominated  the  history  of  medicine,  is  recognized  to-day 
by  medicine  as  fully  as  by  any  science  as  the  only  source  of  fruitful  progress. 

But  above  all,  it  has  been  discoveries  resulting  from  the  opening  up  of 
new  paths  of  investigation  which  have  impressed  both  the  scientific  and 
the  popular  mind  with  the  importance  of  medical  science.  In  the  last 
three  decades  medicine  has  advanced  to  a  postion  where  it  stands  as 
never  before  in  the  very  closest  relations  to  the  highest  interests  of  human 
society.  When  you  consider  the  vast  accumulations  of  po]nilation  in 
cities,  the  great  industrial  activities  of  modern  times,  the  efforts  to  colonize 
and  to  reclaim  for  civilization  tropical  countries  and  waste  lands,  such  a 
stupendous  undertaking  as  the  digging  of  the  Panama  Canal,  all  dependent 
in  a  very  direct  manner  upon  our  power  to  control  the  spread  of  epidemic 
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and  endemic  diseases,  and  tliat  this  power  has  come  from  tlie  discovery 
of  parasitic  micro-organisms  and  the  study  of  their  properties  and  of  the 
manner  of  propagation  of  agents  of  infection,  it  must  he  clear  to  you  that 
medicine,  especially  preventive  medicine,  is  most  intimately  related  to 
the  progress  of  civilization  and  the  advancement  of  human  society.  So 
the  time  has  fully  come  for  medical  science  to  stand  side  by  side  with 
other  sciences  and  to  be  represented  with  them  in  this  association. 

I  was  expected  on  this  occasion  not  to  make  a  formal  address  but  simply 
to  reply  to  the  cordial  words  of  welcome  which  have  been  extended  to  us 
on  behalf  of  the  university  and  of  the  city.  The  evil  day,  fortunately 
for  you  and  for  me,  seems  by  the  plan  of  organization  to  be  put  far  off, 
when  the  incoming  president  is  expected  to  make  his  formal  address  to 
the  association. 

I  now  have  pleasure  in  declaring  this  fifty-sixth  session  of  the  American 
Association  for  the  Advancement  of  Science  open,  and  I  trust  that  the 
sessions  of  the  association  and  the  meetings  of  the  several  sections  and 
affiliated  societies  will  be  full  of  interest  and  profit  to  all  in  attendance. 

After  announcements  by  the  general,  permanent,  and  local  secretaries, 
the  general  session  of  the  association  was  adjourned. 

Closing  Session,  Tuesday  Afternoon,  July  3,    1906. 

The  closing  session  of  the  association  was  held  in  Barnes  Hall,  pursuant 
to  adjournment.  At  2  o'clock  the  President,  Dr.  \\'.  H.  Welch,  called 
the  meeting  to  order  and  said : 

Ladies  and  Gentlemen:  ^^'e  were  all  disappointed  that  one  of  the 
speakers  who  was  announced  on  the  program  of  our  opening  session  was 
unable,  in  consequence  of  other  important  engagements,  to  be  with  us 
at  that  time.  There  is  no  one  we  would  have  been  more  glad  to  hear; 
there  is  no  one  who  is  more  welcome  in  an  assemblage  of  scientific  workers, 
no  one  who  has  told  the  story  of  the  \\'arfare  of  Science  so  graphically  as 
he  has  done,  and  no  one  who  has  fought  more  vigorously  the  battle  for 
natural  and  physical  science.  We  are  very  fortunate  this  afternoon  in 
having  the  privilege  of  listening  to  an  address  by  that  great  educator, 
statesman  and  man  of  letters,  called  here  in  Ithaca  most  appropriately,  I 
think,  President  White. 

Dr.  White:  Mr.  President,  and  ladies  and  gentlemen:  As  I  look  into 
your  faces,  there  comes  back  to  me  very  vividly  my  first  experience  in  the 
American  Association  for  the  Advancement  of  Science.  It  was  in  the  city 
of  Albany,  just  exactly  fifty  years  ago,  in  the  summer  of  1856.  It  was  a 
great  event.  Nothing  could  have  been  finer  than  those  parts  of  it  which 
the  great  crowd  there  assembled  came  to  see.  Although  the  occasion  of 
that  meeting  was  the  opening  of  the  Dudley  Observatory,  the  object  of 
the  gathering  was  not  so  much  the  doing  of  work  by  scientific  men,  as  it 
was  a  general  glorification  of  science,  and  certainly  no  one  feature  of  the 
program  so  magnificently  wrought  out  as  was  the  address  by  Edward 
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Everett.  The  meeting  was  in  the  open  air,  in  Capitol  Park,  and  was 
more  like  a  political  meeting  than  a  scientific  one.  The  occasion  was 
honored  by  the  presence  of  Mr.  Bancroft,  than  whom  no  one  was  more 
respected  in  the  United  States,  and  there  were  also  present  Professors 
Henn,%  Beard,  and  Agassiz.  We  all  loved  and  honored  Agassiz;  we 
admired  him  and  almost  adored  him,  but  we  loved  and  honored  him  more 
when  he  assured  us  that  there  was  absolutely  nothing  in  the  Darwinian 
theory! 

In  looking  back,  one  can  see  that  those  were  the  days  of  small  things  in 
science.  I  remember  that  while  a  student  at  Yale,  where  we  boasted 
of  great  opportunities  for  the  study  of  science,  there  was  no  one  in  my 
class  of  109  members  who  had  the  slightest  aspirations  in  a  scientific 
direction.  I  doubt  whether  one  per  cent,  of  the  students  at  Yale  dreamed 
of  approaching  anything  like  science  in  the  remotest  way.  I  recall  here, 
as  I  have  many  times  before,  when  the  old  wooden  house  on  the  campus, 
which  had  been  occupied  by  the  presidents  of  Yale,  was  taken  for  the 
purposes  of  a  students'  laboratory,  the  beginning  of  the  Sheffield  School; 
and  I  remember  how  one  morning,  when  looking  out  of  my  room  in  North 
College — the  room  which  your  honored  president  afterwards  occupied — 
and  seeing  a  large,  fine-looking  fellow,  seemingly  intelligent,  holding 
something  up  in  a  test  tube  and  looking  at  it,  the  thought  came  to  me, 
"What  a  futile  occupation  for  a  man  with  an  alleged  immortal  soul!" 
Yale  in  those  days,  with  such  men  as  Silliman  and  Olmstead,  was  considered 
a  great  center  of  science;  the  function  of  science,  it  was  believed,  being  to 
enable  a  young  man,  when  the  word  was  mentioned  in  polite  circles,  to 
appear  to  know  something  about  it,  but  any  investigation  of  scientific 
suhjects  was  not  thought  of.  I  am  sure  that  the  whole  mass  of  physical 
and  chemical  apparatus,  of  which  Yale  at  that  time  was  specially  proud, 
could  have  been  put  in  the  smallest  recitation  room  in  this  university. 
Going  afterwards  as  a  professor  to  the  University  of  Michigan,  I  found  that 
there  was  no  instruction  in  physics  then  being  given,  and  all  of  the  physical 
apparatus  could  be  put  in  a  wardrobe  of  moderate  size.  It  was  a  great 
pleasure  to  me  yesterday  to  meet  here  the  one  who  came  there,  as  a  young 
man,  from  the  Rensselaer  Polytechnic  Institute  and  began  the  work  which 
has  since  reached  such  large  proportions  in  that  place. 

We  have  seen  immense  progress  since  those  days.  We  have  seen  the 
earlier  ideals  of  students  thoroughly  changed,  and  changed  for  the  better. 
In  our  institutions  of  learning  we  now  find  greater  provisions  for  scientific 
studies  in  every  direction.  We  may  congratulate  ourselves  and  our 
country  upon  these  facts.  I  certainly  congratulate  you,  in  taking  leave 
of  you,  as  you  go  back  to  your  accustomed  fields  of  labor,  that  there  has 
never  been  a  time  when  science  was  held  in  such  high  honor  and  so  nobly 
cultivated  as  at  present.  It  makes  me  hopeful  that  some  things  in  this 
country  which  we  now  greatly  deplore  are  going  to  be  remedied,  and  one 
of  them  is  what  I  call  the  present  wretched  administration  of  justice, 
especially  as  regards  high  crime.    Tt  makes  an  optimist  of  me,  to  know 
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the  increased  place  which  science  has  taken  in  every  field,  and  which  it 
must  in  the  future  exercise  in  those  fields  which  have  to  do  with  govern- 
ment. I  believe  that  there  is  a  great  future  for  those  sciences  that  apply  to 
problems  that  shall  arise  in  our  national  life.  I  believe  that  more  and  more 
the  necessity  of  knowledge  and  experience  in  the  sciences  that  apply  to 
important  political  questions  will  come  to  be  known.  I  believe  that  more 
and  more  the  scientific  spirit  and  scientific  methods  as  cultivated  in  every 
field  are  to  be  of  use  in  uplifting  this  nation  out  of  many  things  which 
we  now  condemn.  I  am  not  in  the  slightest  degree  a  pessimist;  I  am  far 
more  an  optimist,  and  I  cannot  but  compare  the  condition  of  things  here 
with  those  in  that  other  great  country  which  is  beginning  to  grapple  with 
evils  which  have  long  been  suppressed  in  our  own. 

It  has  been  a  great  pleasure  and  a  great  honor  to  Cornell  University — 
I  have  felt  it  so  and  I  am  sure  my  colleagues  have — that  you  selected  this 
city  as  your  place  of  meeting.  It  was  my  fortune  to  do  some  work  on  this 
hill  before  the  rail  fences  had  disappeared  from  the  campus,  and  before 
even  a  stone  in  these  buildings  had  been  laid.  I  indulged  in  some  rather 
lofty  dreams.  I  built  many  air-castles,  but  never,  in  my  wildest  dreams 
nor  in  my  most  hopeful  hours,  did  I  imagine  that  I  should  see  the  time 
when  the  American  Association  for  the  Advancement  of  Science  would 
feel  that  this  was  a  place  which  was  sufficiently  attractive  to  make  it 
their  home  during  one  of  their  meetings.  I  feel  that  it  is  a  recognition 
of  which  we  have  a  right  to  be  proud  and  I  thank  you  for  it;  and  in  the 
name  of  the  trustees,  the  faculty,  and  all  connected  with  the  University, 
I  invite  you  to  come  again.  Come  at  the  earliest  day  that  is  possible 
for  you,  and  my  hope  is  that  you  will  find  still  further  progress  here,  and 
that  we  shall  have  the  pleasure  of  a  renewed  acquaintance  with  you.  I 
thank  you  most  cordially  for  this  visit.  I  bid  you  a  most  hearty  farewell, 
and  I  renew  my  congratulations  that  you  are  going  forth  into  a  country 
prepared  for  you  such  as  no  country  has  ever  been  prepared  for  a  body 
of  scientific  workers. 

The  President:  For  myself,  and  in  the  name  of  the  association  and  of 
all  here  present,  I  thank  you.  Dr.  White,  for  coming  here  and  speaking 
these  very  inspiring  words. 

There  has  been  a  number  of  interesting  features  connected  with  this 
meeting,  and  it  is  customary  at  our  final  session  to  have  some  statement 
made  in  regard  to  those  things.  Dr.  Howard,  the  permanent  Secretary,  has 
consented  to  present  that  statement  in  the  form  of  a  report. 

Gener.^l  Report  on  some  Fe.\tl'res  of  the  Meeting. 

The  meeting  just  concluded  has  been  the  fifty-sixth  meeting  of  the 
American  Association  for  the  Advancement  of  Science. 

It  has  been  the  first  summer  meeting  held  since  that  at  Pittsburg,  in 
June,  1902.  In  the  meantime,  in  convocation  week,  four  mid-winter 
meetings  have  been  held,  namely,  at  Washington,  at  St.  Louis,  at  Phila- 
delphia and  at  Xew  Orleans. 
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The  return  to  the  summer  meeting  plan  has  been  experimental,  and 
while,  as  prophesied  by  certain  members,  the  meeting  has  not  been  largely 
attended,  it  has  been  an  enjoyable  one  from  every  point  of  view,  and  a 
successful  one  from  several  points  of  vie\\-. 

In  estimating  the  attendance  of  the  scientific  men  and  women  present, 
it  is  found  that  231  have  registered  for  the  American  Association  for  the 
Advancement  of  Science;  and  that  94  of  those  registered  for  the  American 
Chemical  Society  are  not  members  of  the  A^.sociation.  This  makes  325, 
and  the  additional  registration  as  yet  not  computed  in  the  same  way,  from 
the  American  Physical  Society,  the  Society  for  the  Promotion  of  Engi- 
neering Education,  the  American  Microscopical  Society,  and  the  Society 
for  the  Promotion  of  Horticultural  Science,  will  swell  the  list  to  a  number 
surely  reaching  400. 

It  is  interesting  to  note  further  that  of  the  231  members  of  the  Associa- 
tion registered,  about  one-half,  or  121,  to  be  exact,  are  members  of  the 
Affiliated  Societies  meeting  at  this  time  and  place. 

The  geographical  distribution  of  the  members  in  attendance  can  be 
computed  only  for  the  231  registered  members  of  the  Association;  of  these 
94  come  from  New  York  State;  20  from  Massachusetts;  17  from  Pennsyl- 
vania; 16  from  the  District  of  Columbia;  12  from  Ohio;  10  from  Illinois; 
7  from  Michigan;  5  from  Indiana;  5  from  New  Jersey;  4  from  Canada, 
from  Kentucky  and  from  California;  3  from  New  Hampshire,  from  Minne- 
sota, from  Missouri,  from  Connecticut  and  Virginia;  2  from  Iowa,  from 
Nebraska  and  from  Maryland;  and  i  each,  from  Tennessee,  North  Carolina, 
Alabama,  South  Carolina,  Mississippi,  Vermont,  Rhode  Island,  Wisconsin 
and  Kansas. 

Of  the  ten  sections  of  the  Association,  eight  have  held  important  meetings 
at  this  time  and  place.  Section  B  has  met  in  affiliation  with  the  American 
Physical  Society,  and  has  had  a  strong  joint  program. 

Section  C  has  met  in  affiliation  with  the  American  Chemical  Society 
and  the  New  York  Chapter  of  the  Society  for  Chemical  Industry;  the 
program  was  long  and  important,  and  was  completed  in  the  sessions  of 
three  days,  Thursday,  Friday  and  Saturday. 

Section  D  has  met  in  affiliation  with  the  Society  for  the  Promotion  of 
Engineering  Education,  and  has  had  a  joint  program. 

Section  E  has  had  an  independent  meeting  devoted  largely  to  field 
excursions,  but  has  listened  to  six  papers. 

Section  F  has  had  an  independent  program,  consisting  of  sixteen  papers 
read  in  three  sessions,  on  Friday  night,  Saturday  morning  and  afternoon, 
and  has  also  met  in  affiliation  with  the  American  Microscopical  Society, 
which  has  presented  an  independent  program  of  papers. 

Section  G  has  held  an  independent  meeting  devoted  entirely  to  field 
excursions. 

Section  I  has  had  an  independent  meeting  of  importance  comprising 
four  sessions,  at  which  twenty-three  papers  have  been  read. 

The  social  features  of  the  meetings  have  been  unusually  pleasant;  and. 
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although  there  was  no  central  rallying  point  for  all  the  scientific  people 
in  attendance,  except  the  luncheon  place  at  i  o'clock,  the  opportunities 
for  social  converse  have  been  many,  and  the  interest  attaching  to  the  great 
and  well  endowed  University,  and  the  great  scenic  beauty  of  the  Campus 
and  the  city  of  Ithaca  and  of  the  surrounding  country,  together  with  the 
most  cordial  hospitality  of  the  faculty  of  the  University  and  the  residents 
of  the  city,  have  combined  to  make  the  meeting  one  to  be  remembered. 

The  President:  Dr.  Howard,  in  closing  his  report,  speaks  of  the  extra- 
ordinary hospitality  which  we  have  received  here.  A  special  committee 
was  appointed  by  the  council  to  draft  and  present  proper  resolutions  on 
that  subject.  Dr.  Woodward,  as  chairman  of  that  committee,  will  present 
those  resolutions. 

Dr.  Woodward:  We  feel  very  keenly  how  inadequate  are  any  words 
to  express  our  thanks  and  gratitude  for  all  that  we  have  received  and 
enjoyed  here.  My  associates  on  this  committee  were  Dr.  Howard  and 
Mr.  Benjamin.  My  own  part  of  the  work  was  to  eliminate  any  crudities 
that  there  might  be  in  the  resolutions  and  then  read  them  to  you.  So, 
if  any  remain,  you  may  accuse  me  of  oversight. 

Mr.  President,  I  move  the  adoption  of  the  following  resolutions  by 
the  association: 

Report  of  the  Committee  ox  Resolutions. 

The  American  Association  for  the  Advancement  of  Science  and  the  Socie- 
ties that  have  met  in  Ithaca  at  this  time  with  the  association,  have  very 
much  to  be  thankful  for,  and  your  committee  has  endeavored,  in  an  all 
too  feeble  way,  to  express  these  thanks  for  the  association  and  the  other 
scientific  bodies,  in  order  that  they  may  be  made  a  matter  of  record. 

We  wish  to  thank,  in  the  first  place,  this  great  institution  of  learning, 
Cornell  University.  We  thank  the  University  for  the  invitation  to  visit 
Ithaca,  originally  sent  to  us  some  years  ago,  and  repeated  from  time  to 
time,  personally  and  by  letter,  in  the  most  cordial  way. 

We  thank  President  Schurman  for  sending  these  invitations,  and  for 
his  courtesy  in  returning  at  great  personal  inconvenience  from  his  summer 
home,  in  order  to  deliver  an  address  of  welcome,  at  the  opening  session 
Thursday  afternoon  last. 

We  thank  the  Trustees  of  the  University  for  placing  the  buildings  and 
laboratories  at  the  disposal  of  the  association;  for  opening  the  Sage  College 
dormitories  to  our  occupation,  and  for  the  all-sufiicient  and  delightful 
luncheon  that  has  been  given  to  us  daily. 

We  thank  the  faculty  of  the  University,  in  all  of  the  scientific  depart- 
ments, and  many  other  departments,  for  very  many  different  things.  W'e 
thank,  especially,  those  who  arranged  and  conducted  the  numerous  delight- 
ful excursions  which  have  been  made  from  Ithaca  as  a  center,  during  the 
past  few  days;  the  arrangements  have  been  perfect,  including  an  occa- 
sional shower — not  under  the  control  of  the  faculty — and  the  conductors 
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for  so  conducting  them  as  to  convey  the  necessary  useful  information, 
without  appearing  to  resemble  in  any  way  the  useful,  but  maligned  tours 
of  the  Messrs.  Cook. 

We  thank  the  town  of  Ithaca,  and  especially  his  honor,  the  mayor, 
Mr.  Almy,  for  his  cordial  address  of  welcome;  its  citizens  who  have  served 
upon  the  local  committee;  its  Business  Men's  Association  for  their  hospi- 
table endeavors;  and  all  Ithacans  who  have  contributed  in  many  ways 
to  our  comfort. 

We  thank  the  board  of  directors  of  the  Town  and  Gown  Chib  for  throwing 
open  the  charming  club  house  on  Cascadilla  at  all  times  duiing  the  meeting 
to  the  visiting  scientific  men.  We  thank  the  club  and  its  members  for  the 
enjoyable  "Smoker"  of  last  Friday'  night;  and  we  thank  the  men  who 
sang  the  Cornell  songs  for  the  enjoyment  and  enlightenment  of  the  visitors. 
We  thank,  as  well,  Mr.  L.  A.  Fuertes  for  the  extraordinary  stories  he  told 
that  evening". 

We  thank  the  different  fraternities,  so  abundantly  represented  at  Cornell, 
for  opening  their  beautiful  houses  for  the  resident  accommodation  of  mem- 
bers, enabling  us  not  only  to  enjoy  most  beautiful  quarters,  but  to  gain  an 
insight,  in  a  measure,  into  the  development  of  fraternity  life  for  which. 
Cornell  is  almost  unique. 

We  thank  Dr.  and  Mrs.  Andrew  D.  White  for  the  Reception  of  Monday 
afternoon  and  evening,  which  was  so  greatly  enjoyed  by  the  members 
still  remaining  in  the  city;  and  we  thank  the  other  members  of  the  colony 
on  the  hill,  for  the  many  dinners,  luncheons  and  receptions  given  to  groups 
of  members  of  the  association. 

We  thank  Professor  Carhart  and  Dr.  Branner  for  the  admirable  compli- 
mentary lectures  given  on  Saturday  and  Monday  evenings. 

Especially  we  wish  to  thank  the  chairman  of  the  local  committee.  Pro- 
fessor E.  L.  Nichols,  and  the  local  secretary,  Professor  W.  W.  Rowlee, 
for  their  untiring  and  most  successful  efforts  to  make  the  meeting  as  great 
a  success  as  the  association,  and  the  Cornell  and  the  Ithaca  people  could 
wish. 

Finally,  we  thank  the  Lehigh  Valley  Railroad  Company  for  the  courtesy 
shown  in  the  excursion  to  the  George  Junior  Republic,  at  Freeville,  and  we 
thank  the  Ithaca  newspapers  for  the  space  they  have  given  to  the  deliber- 
ations of  the  meeting. 

All  of  these  numerous  thanks  your  committee  offer  as  a  single  resolution 
for  the  adoption  of  the  association. 

C.     M.    WOODW.\RD, 
L.    O.    HO\V.\RD, 
M.\RCUS  Benj.\min. 
Ith.\c.\,  July  3,   1906. 

The  motion  to  adopt  the  resolution  was  seconded,  and  carried  by  a 
rising  vote. 

Prof.  Edward  L.  Nichols,  chainnan  of  the  local  committee,  announced 
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that  immediately  after  the  adjournment  of  the  meeting,  Rockefeller  Hall, 
the  new  home  of  the  Department  of  Physics,  would  be  open  to  the  asso- 
ciation for  inspection. 

The  President:  \othing,  practically,  remains  for  me  to  say  in  l^ringing 
this  meeting  to  a  close.  Everything  that  occurs  to  me  has  already  been 
said,  and  expressed  better  than  I  could  do  it.  I  think  we  shall  leave  here 
with  enduring  impressions,  not  only  of  the  hospitality  we  have  received, 
but  of  the  almost  unrivalled  opportunities  which  exist  here  for  the  culti- 
vation of  science  and  learning.  I  had  never  had  an  opportunity  of  visiting 
Ithaca  before,  and  I  know  there  are  many  others  here  who  had  not  enjoyed 
that  privilege.  I  think  it  must  be  gratifying  to  the  members  of  the  Uni- 
versity that  they  have  been  enabled  to  give  us  the  impressions  which  we 
shall  bear  away. 

This  meeting  has  been  a  delightful  one,  and  I  think  we  may  say  that  the 
claims  of  those  who  advocated  a  return  to  the  midsummer  meeting  as  a 
part  of  our  work  have  been  justified  by  the  success  achieved  here.  The 
special  purposes,  of  bringing  together  into  intimate,  close  relations  the 
members  of  the  association,  and  adding  certain  distinctive  features  which 
pertain  so  such  a  meeting — notably,  the  excursions — have  been  success- 
fully carried  out.  I  think  it  will  be  an  impossibility  to  attempt  elsewhere 
to  duplicate  what  we  have  had  here.  Where  else  can  we  find  such  combi- 
nation of  natural  beauty  of  region  with  the  attraction  of  a  great  University? 
This  meeting,  in  the  renewing  of  the  old  custom,  will  be  memorable,  and 
also  because  of  the  particularly  distinctive  successes  which  attach  to  it. 
I  wish,  in  my  personal  capacity,  to  express  my  gratitude  for  all  that  has 
been  done  here. 

I  now  declare  this  fifty-sixth  session  of  the  American  Association  for 
the  Advancement  of  Science  closed. 
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CALVIN  M.  WOODWARD, 

THE    RETIRING    PRESIDENT   OF    THE    ASSOCIATION. 


THE   SCIENCE   OF  EDUCATION. 


The  record  of  the  year  1906  exhibits  so  many  kinds  and 
degrees  of  progress;  such  evidence  of  improvement  in  national 
and  international  well-being;  such  a  development  of  the  arts 
of  peace  in  all  lands ;  such  exhibitions  of  zeal,  individual  and 
social,  in  behalf  of  corporate  and  governmental  integrity; 
such  abundant  industrial  and  commercial  prosperity;  and 
finally  such  a  universal  tendency  to  promote  education,  to 
advance  science  and  to  foster  higher  standards  of  civilization — 
in  short,  the  year  just  past  is  so  full  of  noble  endeavor,  and 
endeavor  crowned  with  success,  that  I  stand  almost  mute  in 
the  presence  of  what  ought  to  be  said  of  the  advancement  of 
science,  as  science  grows  from  more  to  more,  and  more  and 
more  is  applied  to  the  myriad  arts  of  life. 

I  agree  heartily  with  Huxley  and  others  that  there  is  no 
valid  distinction  between  pure  science  and  applied  science. 
The  final  test  of  the  value  of  what  is  called  science  is  its  appli- 
cability, and  it  is  one  of  the  signal  triumphs  of  the  last  few  years 
that  much  of  what  was  rated  as  "pure  science,"  and  "pure" 
because  useless,  has  proved  to  be  invaluable  either  in  widening 
the  boundaries  of  scientific  attainment,  or  in  the  development 
of  the  useful  arts. 

All  genuine  science  should  be  both  pure  and  applied.  In  a 
word,  let  the  purity  and  the  application  be  taken  for  granted; 
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and  let  every  man  who  finds  in  the  formula  of  the  mathemati- 
cian, or  in  the  formula  of  the  chemist,  or  in  the  formula  of  the 
biologist,  the  key  which  unlocks  the  storehouse  of  nature's 
secrets;  solves  a  hitherto  unsolved  problem  of  matter;  or 
throws  light  upon  one  of  the  hard  questions  of  vegetable  or 
animal  life,  still  claim  that  his  science  is  pure,  when  science 
enables  us  to  invent  a  new  prime  mover,  to  produce  a  new 
material  of  construction,  or  create  a  new  article  of  food,  let 
us  give  credit  where  credit  is  due — to  science,  and  to  associations 
which  aim  to  advance  all  true  science  and  which  foster  every 
effort  to  make  that  science  useful  to  mankind. 

The  false,  though  inherited,  notion  that  polite  learning  and 
true  culture  admit  no  contact  with  utility,  is,  thank  Heaven, 
fast  dying  out.  Occasionally  a  voice  from  the  "inner  circle" 
shouts  gleefully:  "Here's  to  mathematics!  May  she  never 
be  prostituted  to  any  human  use!"  But  we  can  afford  to 
smile  at  the  conceit  of  such  a  Levite  of  culture,  and  pity  him 
for  his  narrow^ness  and  lack  of  human  svmpathv.  However, 
those  "pure"  scientists  often  build  better  than  they  know. 
Even  the  professor  who  boasted  that  he  had  never  wittingly 
either  learned  or  taught  anything  useful  has  become  the  servant 
of  real  learning  by  extending  the  limits  of  scientific  knowledge, 
which  refuses  to  be  hindered  or  circumscribed  by  its  mistaken 
votaries. 

There  is,  as  every  careful  observer  can  testify,  an  abundance 
of  useful  fruit  in  every  department  of  scientific  research.  Note 
the  uses  of  electricity,  chemistry  and  thermodvnamics;  of 
botany  in  fruit  culture;  of  bacteriology  in  the  warfare  for 
human  and  animal  health;  and  how  the  discoveries  of  science 
in  a  hundred  fields  are  made  useful  in  inventions  for  the  trans- 
formation, transmission  and  utilization  of  energy. 

It  is  not  my  purpose  to  point  out  the  progress  made  during 
the  past  year  in  the  discovery  of  scientific  truths,  and  in  their 
utilization  in  the  various  directions  indicated  by  the  diff"erent 
sections  of  this  association.  The  task  would  be  too  great  for 
me  or  for  any  one  man.  The  printed  reports  and  proceedings  of 
the  sections  themselves  will  furnish  the  best  permanent  record. 
It  is,  however,  my  purpose  to  call  the  attention  of  the  asso- 
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elation  to  the  importanee  of  the  scienee  and  art  of  education, 
and  to  suggest  the  propriety  of  creating  a  new  section  devoted 
to  the  advancement  of  the  science  of  education. 

THE    SCIENCE    OF    GOOD    GOVERNMENT. 

Before  taking  up  the  subject  which,  for  fifty  years,  has  been 
more  or  less  directly  my  life  and  my  delight,  I  desire  to  express 
my  estimate  of  the  unparalleled  achievement  of  our  national 
government  in  the  interests  of  peace  and  international  brother- 
hood. I  refer,  of  course,  to  our  intervention,  in  accordance 
with  our  contract  with  Cuba,  to  restore  and  maintain  peace, 
order  and  good  government  in  that  long-suffering  and  badly- 
educated  island.  Never  before,  in  the  history  of  the  world,  did 
a  strong  nation  go  with  an  army  and  navy  to  the  aid  of  a  weak 
and  inexperienced  nationality  when  it  was  torn  into  factions 
by  jealousies  and  distrust  so  deep  and  bitter  as  to  overcome 
their  desire  for  good  order  and  self  government ;  and  then, 
without  firing  a  shot  or  taking  a  prisoner,  establish  order, 
disarm  hostile  bands,  promote  mutual  confidence  and  restore 
the  occupations  of  peace ;  and  finally,  having  accomplished 
this  remarkable  feat,  never  did  such  an  army  and  navy  come 
home  again,  with  no  booty,  with  no  trophies,  with  no  captives, 
with  no  triumphal  procession — with  nothing  but  the  conscious- 
ness of  having  done  an  act  of  international  good- will.  The 
spectacle  is  one  for  the  world  to  look  upon  and  admire.  There 
is  most  surely  a  science  of  good  government,  and  that  science 
we,  as  a  people,  are  rapidly  advancing  in  this  western  world. 

Let  no  one  try  to  take  away  from  the  essential  nobility  of 
this  act  by  pointing  to  the  interest  of  a  few  American  planters 
in  Cuba.  We  are  glad  to  have  their  interests  protected,  but 
those  interests  were  relatively  unimportant,  and  I  firmly  believe 
that  had  there  not  been  an  American  planter  or  merchant  in 
Cuba,  our  government's  course  of  action  would  have  been  just 
the  same,  with  the  same  splendid  result.  So  let  not  the  glory 
of  this  transaction  be  dimmed  by  unworthy  detractions  or  by 
neglect.  It  was  a  great  and  noble  work  two  years  ago  to  prevail 
upon  Russia  and  Japan — when  those  two  nations  stood  face 
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to  face,  each  with  an  army  of  half  a  niilHon  men,  ready  to  crush 
and  slay  till  the  blood  of  a  hundred  thousand  young  men  should 
again  stain  the  soil  of  Manchuria — to  stop  fighting,  to  withdraw 
their  forces,  and  to  submit  the  issues  of  their  quarrel  to  a  council 
of  peace.  That  was  a  great  work,  and  we  glory  in  its  accom- 
plishment— but  the  work  done  in  Cuba,  is  not  less  fine,  though 
less  spectacular.  Its  modesty,  its  example  of  purity  and 
restraint,  of  justice  and  respect  for  law,  its  vindication  of  the 
principles  and  duties  of  a  republic — all  combine  to  make  this 
year  of  our  Lord  1906  an  epoch  in  international  courtesy  if 
not  in  international  law. 

EDUCATION    IN     THE    ARTS    OF     PEACE    VS.    EDUCATION    IN    THE 
ARTS    OF   WAR. 

One  word  more  of  immediate  interest.  The  great  exposition 
at  St.  Louis,  in  1904,  gave  an  epitome  of  the  civilizations  of  all 
the  nations  and  tribes  of  the  earth.  Their  representatives 
dwelt  or  camped  side  by  side  and  exhibited  with  marvelous 
fidelitv  and  fullness  their  industries,  their  commerce,  their 
science,  their  art,  their  systems  of  education  and  their  modes 
of  life.  It  was.  indeed,  a  great  educational  institute  carried 
on  for  seven  months  in  the  presence  of  millions  of  visitors  from 
every  nation  under  the  sun.  Probably  no  human  instrumen- 
tality was  ever  more  potent  in  promoting  the  advancement 
of  science  than  that  exposition.  The  great  congress  brought 
together  the  best  of  living  men,  and  they  offered  their  best 
tributes  for  the  service  of  science  and  human  progress,  and  we 
had  the  supreme  spectacle  of  the  triumphs  of  the  arts  of  peace. 

The  exhibit  of  instruments  designed  to  kill  human  beings, 
and  of  appliances  for  the  destruction  of  ships  and  forts,  was 
minimized,  and  the  pageantry  of  war  oflfered  few  attractions 
and  claimed  small  attention.  The  glory  of  the  exposition  was 
its  devotion  to  education,  and  the  application  of  science  to 
the  useful  arts. 

I  have  thus  characterized  the  exposition  of  1904,  in  order  to 
show  more  clearly  what  I  consider  an  unfortunate  tendency 
on  the  part  of  the  management  of  the  proposed  Jamestown 
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Exposition  at  Xorfolk,  Va.,  in  1907.  I  refer  to  the  prominence 
which  miUtary  and  naval  exhibits  and  evohitions  occupy  in  the 
prospectus  of  attractions.  The  emphasis  would  seem  to  be  on 
the  science  and  the  art  of  war,  as  though  the  glory  of  our  Ameri- 
can manhood  lay  in  our  ability  to  overawe,  crush  and  destroy 
the  very  peoples  who,  two  and  a  half  years  ago,  joined  hands 
with  us  and  with  each  other  in  fostering  the  growth  of  an 
international  brotherhood  which  should  relegate  the  waste  and 
horror  of  war  to  the  pages  of  history. 

Are  we  not  in  danger  of  cultivating  overmuch  a  warlike 
attitude  and  of  encouraging  the  growth  of  a  taste  for  warfare? 
The  maxim,  "In  time  of  peace,  prepare  for  war,"  has  done 
infinite  mischief.  It  has  misled  statesmen,  and  sent  millions 
upon  millions  of  young  men  to  untimely  graves.  It  means 
arsenals  and  forts,  great  standing  armies  and  vast  fleets  of 
battleships ;  and  yet  those  are  the  very  things  we  wish  to  reduce 
to  the  lowest  possible  terms.  I  approve  of  a  single  military 
academy  and  a  single  naval  academy,  since  both  are  needed 
by  a  modest  army  and  navy ;  but  I  do  not  wish  to  see  military 
academies  multiph^,  nor  would  I  have  the  mimicry  of  war 
become  a  pastime  in  our  schools.  I  doubt  if  a  correct  science 
of  education  will  include  the  science  of  shooting  our  fellow-men. 
The  episode  of  the  early  Jamestown  was  not  a  military  cam- 
paign nor  a  naval  victory;  it  was  rather  a  step  in  the  conquest 
of  nature,  and  a  chapter  in  human  progress.  I  trust  it  is  not 
too  late  to  give  to  the  Jamestown  Exposition  a  tone  less  warlike, 
and  to  put  the  emphasis  where  it  must  in  future  belong,  upon 
education,  science,  industry,  commerce,  and  social  progress. 

EDUCATIONAL  THEORIES,  ANCIENT  AND  MODERN. 

Coming  now  to  the  special  message  of  this  address,  I  propose 
for  your  serious  consideration  the  organization  of  an  additional 
section  devoted  to  the  "science  of  education." 

As  one  looks  over  the  history  of  education  he  is  struck  by 
its  chaotic  condition.  From  Aristotle  to  the  men  now  living, 
we  find  the  problem  of  education  discussed  from  many  points 
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of  view,  with  many  diflferent  objects  in  mind,  and  under  widely 
different  social  conditions. 

The  Greek  idea  of  education  and  culture  was  based  upon 
the  existence  of  a  privileged  class,  fed,  clothed  and  sheltered 
bv  the  labor  of  slaves — a  real  aristocracy  devoted  to  war,  art, 
literature  and  luxurious  living.  The  sway  of  the  so-called 
classic  idea  of  education  has  been  and  still  is  one  of  the  marvels 
of  history.  The  splendor  of  Greek  art,  the  brilliancy  of  Greek 
literature,  and  the  keenness  of  Greek  logic  have  held  the  world 
as  in  a  trance,  unable  to  break  away  from  its  charms — though 
it  has  been  unsuited  to  other  peoples  and  other  social  conditions. 

I  need  not  turn  the  pages  of  history  to  name  the  writers  and 
teachers  who  have  risen  in  protest  or  set  forth  new  doctrines.  In 
many  cases  the  new  prophet  or  teacher  has  had  in  mind  a  privi- 
leged individual,  or  a  privileged  class,  the  education  of  a  prince, 
of  a  nobleman,  of  a  statesman,  a  monk,  a  scholar,  a  gentleman — 
always  an  exceptional  person  or  class.  The  common  people,  the 
toilers  in  the  fields  and  mines,  the  rank  and  file  of  soldiers  and 
sailors,  the  builders  of  houses  and  ships,  the  craftsmen  at  looms 
and  benches — for  all  such  there  were  no  educational  theories. 
Such  people  had  no  education  and  they  were  supposed  to  need 
none  beyond  that  gained  in  following  the  occupations  or  crafts 
themselves.  The  assumption  was  not  only  that  there  was  no 
education  suited  to  the  common  people,  but  that  an  interest 
and  participation  in  the  practical  arts  was  degrading  to  the 
taste  and  deadening  to  the  mind.  To  be  sure,  a  Rabelais  or  a 
Rousseau  saw  abundant  reason  for  rebelling  against  the  schol- 
asticism of  the  grammarians,  and  advocated  a  return  to  a  study 
of  the  external  world  and  the  methods  of  controlling  and  util- 
izing the  forces  of  nature,  but  even  they  had  no  science  of 
education,  and  they  had  small  following. 

THE    RECOGNITION    OF    UTILITY   AND   SCIENCE. 

Francis  Bacon,  more  than  any  other  man,  showed  the  inade- 
quacv  of  the  classic  method,  fine  as  it  was  along  certain  lines, 
and  the  comparative  worthlessness  of  scholasticism,  and  he 
opened  the  eyes  of  the  educated  people  of  his  time  to  the  wealth 
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of  opporlunitv  for  inlcrcsling  and  profitable  study  in  the  great 
laboratory  of  nature ;  and  better  tlian  all  else,  he  set  forth  the 
dignity  an.d  intellectual  value  of  science  study — and  he  vigor- 
ously scouted  the  idea  that  the  usefulness  of  scientific  truth 
to  any  degree  detracted  from  its  educational  value. 

But  none  of  the  writers  touching  on  education,  with  the 
possible  exception  of  Froebel  and  Pestalozzi,  not  even  Locke, 
i\Iilton  or  Dr.  Samuel  Johnson,  looked  at  the  matter  from  the 
scientific  standpoint  which  takes  into  account:  first,  the  physi- 
ological laws  which  govern  the  growth  and  development  of  the 
brain ;  second,  the  exterior  stimuli  for  promoting  that  growth 
most  successfully;  and  thirdly,  the  kind  and  quantity  of  knowl- 
edge and  skill  one  must  have  in  order  to  meet  most  completely 
the  demands  of  a  carefully-selected  occupation. 

The  history  of  education  is  full  of  the  records  of  whims  and 
fancies,  of  experiments  real  and  imaginary,  conducted  in  order 
to  prove  the  worthlessness  of  some  theories  and  the  worthiness 
of  others.  Every  parent  has  a  dimly-defined  theory  of  how 
his  boy  ought  to  be  educated,  and  every  teacher  looking  back 
over  his  own  experience  as  a  pupil  formulates  more  or  less 
clearly  a  "system"  for  the  proper  education  of  his  pupils.  It 
goes  without  saying  that  such  theories  and  so-called  systems 
are  generally  shallow  and  inadequate,  and  I  say  this  with  no 
disrespect  to  either  parent  or  teacher.  I  am  both  a  parent  and 
a  teacher,  and  I  know  only  too  well  how  inevitably  we  theorize 
and  plan,  and  how  inevitably  we  go  astray  through  lack  of 
scientific  guidance. 

I  do  not  claim  to  have  formulated  the  science  of  education, 
and  I  know  of  no  one  living  who  has  ventured  to  make  such  a 
claim ;  and  yet  I  believe  that  a  science  of  education  is  possible — 
and  it  is  high  time  that  we  set  about  a  systematic  study  of  its 
essential  features  with  a  view  to  a  formal  statement  of  its  main 
principles.  Where  can  that  important  work  be  begun  and 
carried  on  more  appropriately  and  successfully  than  in  the 
American  Association  for  the  Advancement  of  Science?  Here 
we  can  bring  the  results  of  long  experiences  under  a  great 
variety  of  conditions,  with  unequaled  opportunities  for  com- 
parison and  elimination. 
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In  his  "Tractate  on  Education"  Milton  defined  a  complete 
and  liberal  education  to  be  that  "which  fits  a  man  to  perform 
justly,  skilfully,  and  magnanimously  all  the  offices,  private 
and  public,  of  both  peace  and  war."  That  is  comprehensive 
enough,  yet  Milton  had  in  mind  only  the  offices  which  pertain 
to  the  five  professions  which  were  then  open  to  liberally  educated 
men,  viz.,  those  of  the  lawyer,  the  physician,  the  clergyman, 
the  soldier  and  the  gentleman.  A  "gentleman"  as  defined  by 
Milton  was  one  "who  retires  himself  to  the  enjoyments  of  ease 
and  luxury."  He  had  no  thought  then,  as  had  not  the  educa- 
tional writers  of  ancient  or  medieval  days  any  thought,  of  the 
sixth  estate,  the  great  mass  of  the  people  who  are  coming  to  be 
the  characteristic  force  in  the  civilization  of  to-day,  viz.,  those 
actively  doing  the  world's  work,  the  constructive  and  distribu- 
tive, and  providing  agencies  of  modern  life.  We  are  offering 
education  to-day  to  every  child,  a  comfortable  home  to  every 
family,  citizenship  and  self-respect  to  every  graduate  of  our 
schoosl.  The  education  we  must  study  is  the  universal  educa- 
tion of  the  American  people.  We  have  put  science,  and  ever 
more  science,  into  the  world's  work;  we  must  now  give  science 
and  culture  and  skill  to  the  world's  workers. 

When  a  privileged  class  lived  in  luxury,  relying  upon  the 
labor  of  slaves  who  were  purposel}'  and  sometimes  legally  kept 
uneducated,  and  when  education  for  culture  and  the  accomplish- 
ments of  polite  society  were  natural  and  logical,  it  was  not 
surprising  that  philosophers  should  hold  that  practical  aft'airs 
were  degrading.  Seneca,  who  lived  in  the  first  century,  was 
indignant  because  Posidonius  had  so  far  forgotten  himself  as  to 
credit  philosophy  with  the  invention  of  the  arch  and  the  intro- 
duction of  the  uses  of  metals. 

Philosophy,  according  to  Seneca,*  "had  nothing  to  do  with 
teaching  men  how  to  rear  arched  roofs  over  their  heads;  and 
they  were  not  concerned  with  the  various  uses  of  metals.  vShe 
teaches  us  to  be  independent  of  all  material  substances,  of  all 
mechanical  contrivances."  The  wise  man,  said  the  Roman 
philosopher,  lives  according  to  nature.  Instead  of  attempting 
to  add  to  the  physical  comfort  of  his  species,  he  regretted  that 

*Episto,  90. 
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his  lot  was  not  cast  in  that  golden  age  when  the  human  race  had 
no  protection  against  the  cold  but  the  skins  of  wild  beasts,  no 
screen  from  the  sun  but  a  cave  in  the  earth.  To  impute  to  a 
philosopher  anv  share  in  the  invention  or  improvement  of  a 
plow,  a  ship  or  a  mill,  was  an  insult.  The  invention  of  such 
things,  wrote  Seneca,  is  drudgery  for  the  lowest  slaves.  Phil- 
osophv  lies  deeper.  It  is  not  her  office  to  teach  men  how  to  use 
their  hands.  The  object  of  her  lessons  is  to  form  and  nourish 
the  soul. 

The  above  wish  of  Seneca  can  be  fairly  paralleled  by  an 
utterance  of  Matthew  Arnold  in  his  famous  essay  on  "Sweetness 
and  Light"  (a  phrase  he  borrowed  from  Swift).  Arnold  asks, 
with  no  evidence  of  doubt  as  to  the  superiority  of  the  "brave 
days  of  old:" 

"If  England  were  swallowed  up  by  the  sea  to-morrow, which 
of  the  two,  a  hundred  years  hence,  would  most  excite  the  love, 
interest,  and  admiration  of  mankind — the  England  of  the  last 
twenty  years,  or  the  England  of  Elizabeth,  a  time  of  splendid 
spiritual  effort,  but  when  coal  and  our  industrial  operations 
depending  on  coal  were  very  little  developed?" 

That  is,  he  would  prefer  an  age  when  they  had  no  mills,  no 
canals,  no  steam-engines,  no  railroads,  no  steamboats,  no  man- 
hood suffrage,  no  common  schools,  few  books,  few  newspapers 
and  few  magazines,  because  a  great  majority  of  the  people  of 
England  could  neither  read  nor  write.  De  gustibus  non — -as  I 
always  say  of  Ruskin. 

I  have  quoted  Seneca  at  some  length  because  he  is  a  type  of 
a  class  of  people  ancient,  medieval  and  modern,  who,  living 
like  Seneca  in  great  luxury  upon  their  income,  look  with  dis- 
favor, if  not  contempt,  upon  all  studies  which  have,  or  may 
have,  a  positive  value  in  multiplying  human  comforts  and  in 
ameliorating  human  sufferings. 

It  is  not  many  years  since  a  president  of  Princeton  University 
expressed  his  regret  that  the  higher  mathematics  had  been 
found  useful  in  the  study  of  electrical  appliances,  for,  said  he, 
"as  the  utility  of  a  subject  increases  its  educational  value 
decreases."  Such  was  the  view  of  the  fathers  and  the  disciples 
of  Greek  philosophy  from  Socrates  to  Patton,  but  such  was  not 
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the  view  of  Lord  Bacon,  and  Lord  Alacaulay,  and  Professor 
Huxlev,  nor  is  it  vour  view,  I  trow;  certainly  it  is  not  mine. 
I  would  as  soon  adopt  the  educational  scheme  of  Machiavelli 
as  that  of  Seneca.  The  former  in  all  frankness  and  candor 
pictured  the  intellectual  and  moral  dishonesty  and  hypocrisy 
of  his  time;  but  his  life  was  relatively  clean.  As  for  Seneca, 
he  sang  the  praises  of  virtue  and  literary  culture,  and  then 
closed  his  career  bv  an  exhibition  of  meanness,  ingratitude  and 
corruption  which  threw  a  blanket  of  infamy  over  his  fme  advo- 
cacy of  a  philosophv  which  was  to  form  and  nourish  the  soul. 

Is  it  not  evident  from  the  standpoint  of  the  subjects  to  be 
studied  that  we  need  a  science  of  modern  education?  Educa- 
tional values  are  to  be  determined,  taking  into  consideration 
age,  sex,  environment,  taste,  brain  development  and  probable 
sphere  of  usefulness. 

THE    DOCTRINE   OF   INTEREST. 

Here  two  important  subjects  crowd  upon  me  for  considera- 
tion, and  thev  are  just  the  subjects  which  I  wish  to  lay  before 
a  section  devoted  to  the  science  of  education.  They  are  closely 
related,  and  I  suspect  they  are  strictly  modern.  I  refer  to  the 
doctrine  of  interest,  as  a  valuable  or  as  a  harmful  characteristic 
of  studv ;  and  to  the  wisdom  or  the  folly  of  a  free  election  of 
studies  in  our  secondary  schools  and  colleges.  Consider  for 
a  moment  how  much  we  are  at  sea  and  how  far  we  have  drifted 
apart  on  these  two  matters — and  then  you  will  agree  with  me 
as  to  the  need  of  systematic  study  and  observation  that  we  may 
find  our  bearings  and  lay  our  courses  correctly. 

The  question  of  taste  and  interest  is  a  very  perplexing  one. 
Antecedent  interest  is,  we  all  know,  quite  accidental  and  a 
very  unsafe  guide.  The  whims  of  boys  and  girls  are  generally 
due  to  the  suggestions  of  companions  and  of  external  oppor- 
tunity. It  has  been  my  fortune,  as  well  as  my  duty,  to  warn 
hundreds  of  parents  of  boys  from  fourteen  to  eighteen  years  of 
age  not  to  take  seriously  their  early  interest  in  particular 
studies  or  their  haphazard  plans  for  future  occupation. 

Some  choice  is  inevitable,  and  plans  for  the  distant  future 


CAI,\IX    M.    WOODWARD.  345 

are  as  plenty  as  castles  in  Spain,  but  nothing  can  be  more  evi- 
dent than  the  unfitness  of  a  boy  in  his  teens  to  select  definitely 
the  course  of  studv  best  suited  to  his  inherited  and  acquired 
capacity;  and  nothing  can  be  more  certain  than  his  practical 
ignorance  of  the  conditions  of  a  successful  career.  Hence  his 
declared  preferences  and  elections  are  to  be  trea'ted  with  a 
loving  sympathy,  as  are  a  hundred  other  youthful  fancies,  but 
the  wise  parent  and  the  wise  teacher  decide  to  leave  open  all 
the  avenues  of  culture  and  skill,  and  to  hold  off  the  great  final 
choice  till  the  boy  has  had  time  and  opportunity  to  make  two 
important  discoveries,  viz.,  the  intellectual  world  within  him, 
and  the  material  and  spiritual  world  without.  Here  we  need 
the  pronunciamento  of  science,  telling  us  how  much  weight  we 
shall  attach  to  the  preferences  of  a  boy  of  twelve,  of  fifteen, 
of  eighteen,  in  regard  to  the  scheme  of  education  and  training 
which  shall  enable  him  to  make  the  most  of  himself  and  be  of 
the  most  use  to  his  time  and  generation. 

Every  good  teacher  aims  to  make  his  subject  as  interesting 
as  possible  to  his  pupils.  If  thev  fail  to  take  a  lively  interest 
in  it,  something  is  wrong;  either  it  is  not  properly  presented 
or  it  is  over  their  heads ;  or  it  is  clearly  of  no  earthly  use.  Nat- 
ural lack  of  capacity  on  the  part  of  the  child  is  rarely  a  valid 
reason  for  failure,  if  the  child  be  healthy  and  normal.  I  have 
learned  to  discredit  the  truth  of  the  oft-told  tale  that  "John 
has  no  capacity  for"  such  a  subject — -mathematics,  for  example. 
"He  never  could  learn  mathematics — he  takes  no  interest 
in  algebra  and  he  hates  geometry,"  etc.  Our  higher  schools 
and  colleges  are  full  of  young  people  who  protest  vigorously 
that  they  never  could  and  never  can  understand,  or  take 
any  pleasure  in,  or  gain  any  profit  from,  certain  studies.  On  the 
other  hand,  I  firmly  believe  that  every  normal  person,  at  least 
nine  out  of  ten  of  the  children  and  youth  at  school  and  college, 
can  fairly  master  and  actually  enjoy  and  profit  by  not  only 
mathematics,  but  by  every  subject  in  the  curriculum,  if  it  be 
properly  taught,  and  under  proper  conditions  as  to  age  and 
preparation. 

I  know  a  man  who  when  a  boy  was  put  too  early  and  too 
rapidly  to   arithmetic,   algebra,    geometry,   trigonometry   and 
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analytics.  He  must  have  had  the  worst  possible  teachers, 
for  he  comprehended  nothing  of  what  he  glibly  recited  from 
memory.  So  they  called  him  a  dunce,  reported  him  home  as  a 
dunce,  and  the  boy  accepted  the  oft-repeated  verdict  and 
believed  himself  a  dunce  in  mathematics.  He  would  have  gone 
through  life  with  that  conviction  stamped  into  his  brain  had 
not  chance  thrown  a  West  Point  appointment  in  his  way. 
Spurred  by  pride  and  ambition,  he  resolved  to  review  arithmetic 
by  himself  and  at  least  pass  the  entrance  examination  to  the 
military  academy.  To  his  great  surprise  he  found  arithmetic 
easy  to  his  maturer  powers  and  very  interesting,  and  he  entered 
the  military  academy  with  flying  colors.  Then  he  took  all  of  the 
mathematics  which  he  had  hated  over  again.  They  were  a 
delightful  revelation  to  him.  He  graduated  among  the  engi- 
neers, a  fine  mathematician,  and  he  is  to-day  at  the  head  of  an 
engineering  school  of  high  grade.  I  have  the  story  from 
his  lips. 

I  have  had  unusual  opportunity  to  observe  similar  cases, 
and  in  a  measure  to  help  students  who  have  been  the  victims 
of  bad  judgment  on  the  part  of  teachers  or  parents,  and  so 
'  have  been  led  or  allowed  to  dislike  subjects  which  they  should 
have  enjoyed,  and  to  underrate  their  mental  faculties  because 
they  had  attempted  to  exercise  brain  cells  which  were  not  yet 
properly  developed. 

The  importance  of  this  subject  cannot  be  overestimated. 
How  many  lives  have  been  shortened;  how  many  intellects 
have  been  dwarfed  and  stunted;  how  many  careers  have  been 
partial  failures — all  due  to  early  and  inconsiderate  teaching? 
Opportunities  to  redeem  and  save  those  of  great  possibilities, 
like  the  one  I  have  mentioned,  are  rare,  and  the  vast  majority 
of  victims  never  fully  recover.  In  our  zeal  we  have  often 
overshot  the  mark.  The  proverbial  intellectual  strength  and 
vigor  of  country  boys  coming  up  to  the  university  is  due  not 
wholly  to  outdoor  life,  physical  exercise  and  plain  food.  I  am 
inclined  to  believe  it  is  due  in  part,  and  perhaps  a  great  part, 
to  their  escape  from  too  much  schooling  and  too  much  crowding. 
W^hat  the  country  boy  needs  (and  what  he  often  lacks)  is  not 
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SO  much  longer  sessions  and  rapid  promotions  as  more  accom- 
plished teachers. 

A  word  more  about  the  importance  of  interest  as  a  condition 
of  healthy  mental  growth.  I  maintain  that  attention  is  as 
necessary  to  the  growth  and  development  of  the  brain  as  exer- 
cise is  to  the  development  of  a  muscle ;  and  that  interest  is  the 
condition  of  a  lively  attention.  When  in  a  school  or  lecture 
room  the  limit  of  close  attention  is  reached,  the  lesson  or  lecture 
should  close,  for  the  educational  process  has  already  stopped. 
It  is  not  only  useless,  but  it  is  worse  than  useless,  to  go  on  when 
the  class  or  audience  refuses  for  any  reason  to  attend.  I, 
therefore,  doubt  the  educational  value  of  subjects  which  are 
not,  and  perhaps  cannot  be,  made  interesting. 

Of  course  I  do  not  claim  that  all  selected  studies  can  be 
made  equally  interesting,  or  that  any  one  study  can  be  made 
equally  interesting  to  all  pupils,  even  when  the  pupils  are 
properly  graded ;  but  I  do  claim  that  a  lively  interest  is  neces- 
sary, and  that  educational  progress  is  very  nearly  proportional 
to  the  strength  of  that  interest. 

But  all  educators  do  not  agree  with  me  here.  A  Harvard 
professor  recently  wrote  as  follows:  "The  practical  aim  of  a 
general  education  is  such  training  as  shall  enable  a  man  ta 
devote  his  faculties  intently  to  matters  which  of  themselves 
do  not  interest  him.  The  very  fact  that  the  abstractions  of 
mathematics  must  generallv  seem  repellently  lifeless,  is  part 
of  the  secret  of  their  educational  value."  He  praises  the 
"elder  education"  which  "through  daily  hours,  throughout 
all  their  youthful  years,  compelled  boys,  in  spite  of  every  human 
reluctance,  to  fix  their  attention  on  matters  which,  of  them- 
selves, could  never  have  held  attention  for  live  minutes  to- 
gether."* 

This  advocacy  of  ten  or  twelve  years  of  uninteresting  studies, 
none  of  which  could  hold  the  attention  for  five  minutes  unless 
they  were  forced  upon  the  student — as  the  best  preparation 
for  dealing  with  the  interesting  matters  of  real  life,  such  as 
earning  one's  bread,  building  a  home,  rearing  a  family,  contrib- 
uting to  the  common  weal,  and  achieving  the  highest  success — 

*Professor  Wendell,  North  American  Revie-yj,  September,  1904. 
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this  remarkable  doctrine  is  the  product  of  our  own  age.  No 
ancient  or  medieval  teacher,  so  far  as  I  am  informed,  ever 
promulgated  or  defended  it.  The  credit  or  discredit  of  its 
authorship  belongs  to  our  own  day  and  generation.  On  the 
other  hand,  that  veteran  and  very  sensible  w^riter,  John  Locke, 
two  hundred  and  fifty  years  ago  said:  "The  great  skill  of  a 
teacher  is  to  get  and  keep  the  attention  of  his  scholar.  To  attain 
this,  he  should  make  the  child  comprehend  the  usefulness  of  what 
he  teaches  him,  and  let  him  see,  by  what  he  has  learned,  that  he 
can  do  something  which  he  could  not  do  before;  something 
which  gives  him  power  and  real  advantage." 

I  join  Professor  Wendell  in  discounting  the  whims  and  fancies 
of  children,  and  in  his  estimate  of  the  value  of  an  imintelligent 
choice  of  studies;  but  we  must  part  company  when  he  would 
force  me  to  accept  the  doctrine  that  I  must  be  careful  not  to 
make  my  mathematics  and  mechanics  very  interesting,  lest 
their  educational  value  be  impaired.  May  I  not  refer  this 
matter  also  to  a  section  on  education? 

FREE  ELECTION  OP  STUDIES. 

Closely  related  to  the  above  is  the  great  question  of  elective 
courses  of  study  in  our  colleges.  Personally,  I  am  less  concerned 
with  this,  since  in  the  school  or  college  of  engineering  with 
which  I  am  connected,  the  curriculum  is  carefully  laid  down, 
and  there  is  no  election  till  the  end  of  the  freshman,  and  gener- 
ally not  till  the  end  of  the  sophomore,  year — and  even  then 
only  a  single  election  of  a  carefully  prepared  line  of  study  is 
allowed.  But  I  have  been  a  more  or  less  interested  observer 
of  the  working  of  a  free  elective  system  elsewhere.  I  am  not 
now  going  to  discuss  it,  or  to  weigh  it  in  the  balance  of  expe- 
rience. Such  a  discussion  of  its  theory  and  practice  would 
occupy  a  full  paper  before  an  educational  section.  vScience 
teachers  and  scientific  men  are,  or  should  be,  deeply  interested 
in  this  matter,  for,  if  I  mistake  not,  the  rush  for  certain  branches 
of  science,  and  away  from  the  traditional  studies,  has  led  in 
many  cases  to  the  calling  of  a  halt  in  the  freedom  of  election. 
My  own  conviction  is  that  the  pendulum  has  swung  too  far. 
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The  number  of  required  studies  should  be  increased  and  the 
later  years  should  be  given  to  a  group  of  subjects  selected 
from  a  list  of  groups  prearranged  by  the  faculty.  It  is  perhaps 
not  quite  safe  to  condemn  a  system  which  permits  a  student, 
having  entered  college  on  substantially  the  old  requirements,  to 
go  through  and  graduate  with  honor,  without  giving  during 
his  entire  college  course  a  single  hour  to  anv  one  of  the  three 
corner-stones  of  the  old  curriculum  of  my  college  days:  Latin, 
Greek  and  mathematics — but  it  certainly  raises  a  question 
in  the  mind  of  every  reader  of  educational  history.  Is  there 
not  a  golden  mean  between  predestination  and  free-will  in  the 
matter  of  studies  and  educational  values? 

OTHER  EDUCATIONAL  QUESTIONS — ATHLETICS. 

Never,  since  the  days  of  Grecian  games  at  Olympia,  has 
physical  culture,  including  field  athletics,  been  so  prominent 
a  feature  of  student  life  as  now.  We  can  truthfully  say  that 
to-day  athletics  is  the  most  conspicuous  part  of  an  academic 
education.  Unquestionably  the  curriculum  is  out  of  balance, 
and  a  readjustment  is  necessary.  The  healthy,  normal  boy 
(and  I  may  add,  the  healthy,  normal  girl)  requires  and  enjoys 
vigorous  exercise  in  the  shape  of  games.  While  I  advocate 
rational  athletics,  I  deeply  deplore  semi-gladiatorial  exhibi- 
tions which  put  the  emphasis  in  the  wrong  places,  and  which 
mislead  and  demoralize  the  entire  student-body.  There  has 
been  a  drift  backward  of  late  years  towards  a  species  of  bar- 
barism, which  we  had  fancied  we  had  outgrown.  It  becomes 
scientific  men  to  restore — ^or  better,  to  establish — a  condition 
of  educational  equilibrium. 

I  cannot  even  mention  all  the  matters  of  prime  importance 
which  would  speedily  come  before  an  educational  section.  The 
organization  and  functions  of  boards  of  education  are  matters 
of  the  greatest  moment  at  the  present  time,  and  I  suspect  they 
have  a  perennial  interest.  It  is  already  on  the  program  of 
one  of  your  sections. 

Some  thirty  years  ago  kindergartens  were  incorporated  into 
the  course  of  instruction  of  the  public  schools  of  St.  Louis,  and 
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later  into  the  schools  of  many  other  cities.  The  constitution 
of  the  state  of  Missouri — very  unwisely,  I  think — does  not 
allow  children  under  six  years  of  age  to  attend  any  form  of  a 
public  school ;  yet  we  shall  all  agree  that  the  best  kindergarten 
ages  are  the  fifth  and  sixth  years.  Nevertheless,  nearly  every 
child  in  St.  Louis  for  the  last  thirty  years  has  attended  kinder- 
garten during  his  entire  seventh  year,  taking  up  the  primer 
for  the  first  time  upon  entering  the  "first  grade"  when  seven 
years  old. 

In  spite  of  occasional  protests  and  claims  that  valuable  time 
is  thereby  wasted,  the  plan  is  fairly  popular  and  there  is  no 
near  prospect  of  change.  The  later  progress  of  the  relatively 
mature  children  in  the  first  grade  is  remarkable,  and  many 
obserA'ant  principals  think  that  ultimately  no  time  is  lost.  As 
for  myself,  my  judgment  is  in  suspense,  and  yet  I  have  sent 
five  children  to  the  kindergarten.  It  is  always  difficult  to 
compare  what  has  been  with  what  might  have  been,  and  with 
what  would  have  been,  had  things  been  different.  Suppose 
I  refer  this  all-important  matter  to  scientific  educators. 

PHYSIOLOGICAL   PSYCHOLOGY. 

Perhaps  the  most  valuable  contribution  to  the  science  of 
education  has  come  through  a  study  of  the  laws  which  obtain 
in  the  growth  and  development  of  the  brain,  and  the  condi- 
tions under  which  that  growth  and  development  is  most 
healthy  and  complete.  There  are  times  and  seasons  for  the 
development  of  the  mental  and  moral  faculties  as  there 
are  of  the  phvsical  faculties.  While  such  times  and  seasons 
are  not  precisely  the  same  for  all  children,  we  find  that  all 
attempts  at  premature  development  are  not  only  worthless, 
but  are  permanently  injurious.  Precocity  is  now  regarded  as  a 
species  of  brain  deformity.  Plants  and  animals  may  be  forced, 
and  unusual  and  interesting  results  maybe  produced  by  forcing, 
but  no  one  of  us  wishes  a  son  or  a  daughter  to  be  a  prodigy  in  one 
direction  as  the  cost  of  normal  development  in  other  directions. 

The  psychologists  tell  us  that  the  brain  cells  develop  as  do 
other  physical  organs,  not  only  through  thought,  but  through 
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muscular  activity  and  the  exercise  of  our  senses.  Accordingly, 
a  healthy  and  timely  growth  and  development  of  the  brain 
is  to  be  promoted  by  an  education  involving  a  great  variety 
of  activities,  skilfully  adjusted  as  to  quality  and  quantity 
to  the  mental  and  physical  status  of  the  child.  I  have  often 
thought,  when  candidates  for  admission  to  Washington  Uni- 
versity present  themselves,  that,  instead  of  asking  them 
several  sets  of  questions  on  a  variety  of  somewhat  conventional 
subjects,  I  would  like  to  take  off  their  skulls  and  brain  coverings, 
and  see  how  fully  their  primal  brain  cells  were  developed,  and 
the  extent  to  which  the  network  of  intercommunication  be- 
tween cells  had  been  established  and  was  in  good  working 
order.  Such  an  examination  would  tell  far  more  than  any 
mere  written  examination.  To  be  sure,  I  might  find  it  difficult 
to  read  and  interpret  what  would  be  written  there,  but  the 
record  would  be  there  to  the  minutest  particulars. 

This  branch  of  my  subject  outruns  both  my  time  and  my 
ability.  But  there  are  experts,  and  they  are  veritable  men  of 
science,  and  they  are  most  welcome  to  the  companionship  and 
fellowship  of  this  association. 

MANUAL   TRAINING. 

Closely  related  with  this  of  brain  culture  is  the  subject  of 
manual  training,  which  has  recently  gained  a  foothold  in  our 
scheme  of  rational  education.  Its  nature  and  educational 
value  are  still  under  discussion.  This  relationship  is  well  shown 
in  a  paragraph  which  I  take  from  one  whom  I  am  always  glad 
to  quote.*     Said  he: 

"  In  man,  the  size  of  the  motor  area  in  the  brain  depends  far 
more  on  the  complexity  of  the  movements  affected  by  a  group 
of  muscles,  and  on  the  fine  coordination  of  these  movements, 
than  on  the  mere  mass  of  the  muscles  involved.  Physical 
energy  implies  a  good  motor  brain  area.  The  man  of  energy 
is  a  man  of  brains,  no  less  really  than  the  man  of  thought. 

"Physiologists  distinguish  muscles  as  'fundamental'  and 
'accessory.'     The  fundamental  muscles  are  the  large   masses 

♦Professor  Thomas  M.  Balliet,  of  th^  Univ.^rsity  of  New  York. 
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of  muscles  used  in  locomotion  and  in  performing  movements 
requiring  strength  rather  than  fine  adjustments  and  delicate 
coordinations.  They  are,  for  the  most  part,  the  muscles 
which  we  have  in  comm.on  with  the  lower  animals  and  which 
we  have  probably  inherited  from  our  forefathers  who  dwelt 
in  trees.  The  accessory  muscles  are  those  which  involve 
fine  coordinations  They  are  principally  the  muscles  of  the 
forearm  and  hand,  and  those  of  the  vocal  organs.  Now  it 
might  be  argued  that  manual  training  is  not  necessary  for  the 
development  of  the  motor  centers  in  the  brain,  on  the  ground 
that  gymnastics  and  outdoor  physical  exercise  are  quite  ade- 
quate to  accomplish  it.  The  answer  to  this  objection  is  the 
fact  that  gymnastics  and  physical  exercise  in  general  appeal 
almost  exclusively  to  the  fundamental  muscles  and  their  brain 
centers,  and  rarely  to  the  accessories.  Nothing  short  of  manual 
training  will  reach  effectively  the  important  brain  cells  govern- 
ing the  fine  motor  adjustments  of  the  mmscles  of  the  hand,  as 
nothing  short  of  actual  speaking  and  actual  singing  can  ever 
effectively  develop  the  equally  important  brain  cells  governing 
the  muscles  of  the  vocal  organs.  The  motor  cells  of  the  brain 
controlling  the  muscles  of  the  joints  nearest  the  trunk  develop 
first,  and  later,  in  regular  order,  those  which  control  the  nms- 
cles  of  the  more  distant  joints.  Education  ought  to  follow 
this  order  of  growth;  it  should  avoid  training  the  fingers  to 
make  finely  coordinated  movements  at  a  period  when  nature 
has  not  yet  got  beyond  developing  brain  cells  to  make  the 
coarser  adjustments  of  the  shoulder  and  elbow  joints.  Physical 
training,  which  appeals  to  these  more  fundamental  muscles 
of  the  proximal  joints,  should  at  first  precede  manual  training, 
which  appeals  especially  to  the  muscles  of  the  forearm,  hand 
and  fingers.'" 

We  have  in  the  above  statement  a  scientific  explanation  of 
the  educational  value  of  manual  training,  so  far  as  it  relates 
to  the  growth  and  development  of  the  brain. 

As  some  of  you  know,  I  have  had  something  to  do  with  the 
introduction  and  defense  of  manual  training  as  an  educational 
feature.  There  was  from  the  first  no  question  of  its  economic 
value  to  the  great  mass  of  American  boys,  and  largely  for  that 
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reason  it  met  with  favor  among  people  who  were  more  con- 
cerned with  the  work  the  boy  would  be  given  to  do  after  his 
brain  and  hands  had  been  developed,  than  with  the  means  and 
activities  by  which  the  finest  and  most  useful  development 
of  the  whole  boy  could  be  secured. 

A  study  of  the  whole  field  of  education,  classical  and  techni- 
cal, led  me,  in  1879,  to  organize  a  school  for  boys  of  high-school 
age  in  which  manual  training  should  be  combined  with  intel- 
lectual training;  to  put  the  liberal  arts  and  the  mechanic  arts 
side  by  side  in  the  same  curriculum;  to  deal  simultaneously 
with  material  forces  and  appliances  and  with  spiritual  forces 
and  appliances;  to  cultivate  not  alone  or  chiefly  the  memory 
and  the  understanding,  the  eye  to  read  and  the  mouth  to  speak, 
but  the  judgment  and  the  executive  faculties  as  well ;  to  extend 
the  humanities  so  as  to  include  human  interests  and  human 
activities  as  they  exist  now  and  here.  Many  wise  and  excellent 
educators  had  grave  fears  as  to  the  result  of  the  experiment. 
It  was  thought  that  the  introduction  of  tools,  machinery,  mate- 
rials, the  theories  of  construction,  and  draughting,  might  not 
only  break  up  the  orderly  program  of  the  school,  but  they 
would  lower  its  intellectual  and  moral  tone.  It  is  now  known 
that  all  such  fears  were  groundless.  Manual  training,  when 
properly  adapted  to  the  boy's  status  of  brain  development, 
and  when  incorporated  into  the  daily  and  weekly  program 
with  due  regard  to  the  other  essential  features,  has  proved  to 
be  a  more  valuable  element  in  education  than  even  the  most 
sanguine  advocate  dared  to  expect.  The  moral,  intellectual 
and  economic  fruit  of  this  combination,  as  shown  in  the  char- 
acters and  careers  of  the  boys  who  formed  the  first  classes  in  the 
pioneer  schools,  is  the  best  possible  evidence  of  its  value.  The 
gloomv  predictions  made  of  its  effect  upon  the  pupils,  and  upon 
our  American  system  of  schools,  have  been  forgotten,  and 
early  opponents  are  fast  friends  and  enthusiastic  advocates. 

This  is  no  place  nor  time  for  me  to  give  an  exposition  of 
manual  training;  I  have  preached  its  gospel  elsewhere  and 
often.  But  I  mention  it  as  one  of  the  important  matters 
which  must  be  carefully  weighed  and  adjusted.  We  must 
defend  it    from  frivolity  on   the  one   hand,  and  from   misdi- 
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rection  and  undue  emphasis  on  the  other.  At  first  it  was 
suspected  that  our  motives  were  sordid;  that  we  were  Ukely  to 
degrade  our  schools,  to  teach  narrow  trades,  and  to  turn  out 
"mere  mechanics"  instead  of  educated  men.  On  the  other 
hand,  a  recent  report  of  a  Massachusetts  commission  (for 
whose  membership  I  cherish  high  respect)  regards  the  manual 
training  movements  as  almost  exclusively  educational  and  not 
sufficiently  industrial.  I  suppose  the  earlier  and  the  later 
estimates  are  still  held  by  many  sincere  and  able  teachers. 
One  does  not  easily  lay  aside  the  convictions  of  a  lifetime.  The 
manual  training  movement  stands  inevitably  as  a  criticism 
upon  the  systern  of  education  which  came  down  the  ages  through 
the  fathers  to  us,  and  naturally  the  latter  stands  on  the  defen- 
sive. It  is  also  a  standing  reproof  to  the  old  wasteful,  unscien- 
tific method  of  teaching  to  apprentices  the  theory  and  uses  of 
tools.  It  is  for  educational  science  to  justify  the  ways  of 
progress  which  lays  aside  the  idols  of  the  past  and  erects  new 
temples  and  opens  new  kingdoms.  Of  all  the  temples,  none 
is  finer,  none  is  more  glorious  and  none  should  be  more  scien- 
tifically planned  and  reared  than  that  of  education.  While 
no  section'of  this  association  can  enforce  the  dictates  of  science, 
it  would  be  helpful  if  we  were  able  to  establish  these  two  things 
as  true,  viz. : 

1.  That  usefulness  does  not  impair  educational  values. 

2.  That  a  so-called  culture-study  like  Latin  may  properly 
stand  side  by  side  with  manual  training  in  the  curriculum. 

We  are  all  pleased  (though  perhaps  surprised)  when  we 
learn  that  a  man  who  reads  blue-prints,  and  can  make  and  use 
a  diamond-point  machine-tool,  is  also  a  linguist  and  at  home 
in  the  calculus ;  and  yet  we  are  more  than  likely  to  assume  that 
the  boys  who  are  studying  the  theory  and  use  of  tools  have 
little  need  of  hterature;  and  that  the  student  of  the  classics 
is  wasting  his  time  in  a  laboratory  of  the  mechanic  arts. 

"What  are  these  boys  studying  Latin  for?"  said  an  English 
visitor  at  the  manual  training  school  as  he  looked  in  upon  a 
class  reading  Caesar. 

"What  did  you  study  Latin  for?"  was  my  illogical  but  Amer- 
ican response. 


CALVIN    M.    WOODWARD.  355 

"Why,  I  am  a  bachelor  of  arts!"  was  his  prompt  reply,  with 
the  air  of  one  who  had  given  a  conclusive  answer. 

"Perhaps  these  boys  will  be  bachelors  of  arts  by  and  by," 
I  added  cheerfully. 

"Then,  what  in  the  world  are  they  in  a  manual  training 
school  for?"  he  exclaimed,  with  almost  a  sneer  at  my  evident 
lack  of  acquaintance  with  the  etiquette  of  educational  values. 

I  tried  to  explain  my  theory  of  an  all-around  education — and 
my  practice  of  "putting  the  whole  boy  to  school" — but  he  would 
not  be  convinced.  He  could  not  see  the  propriety  of  mixing 
utility  and  tool  dexterity  with  culture.  Our  visitors  are  not 
all  Englishmen ;  yet  I  venture  the  estimate  that  fully  one-half 
of  the  bachelors  of  arts  who  look  through  our  study  rooms  and 
our  work  rooms  have  about  the  same  prejudice  as  the  English- 
man had,  though  they  do  not  so  openly  express  it. 

THE    NEW   EDUCATION. 

The  evolution  of  the  fully  fledged  technical  school,  or  the 
technical  department  of  the  university,  has  taken  place  during 
the  last  half  century,  and  yet  its  broad,  stimulating,  attractive 
features  have  a  following  which  bids  fair  to  double  the  attend- 
ance of  college  and  university  students.  This  does  not  mean 
that  letters  and  polite  learning  are  being  neglected,  but  that  a 
new  constituency  is  eager  for  the  new  education.  This  new 
education,  though  it  recognizes  at  all  points  a  high  order  of 
usefulness,  and  contains  little  that  is  conventional,  is  only 
remotely  professional.  If  ever  its  curriculum  becomes  narrow, 
it  is  quickly  condemned  by  the  best  representatives  of  an  educa- 
tion which  combines  utility  with  culture.  No  longer  can  the 
"Levites  of  culture,"  as  Huxley  calls  them,  claim  to  monopolize 
liberal  education.  The  new  education  can  be  as  liberal  as  the 
old,  and  both  can  be  narrow.  Fortunately,  they  flourish  side 
by  side,  and  the  future  shall  choose  the  excellencies  of  each. 
An  adequate  science  of  twentieth-century  education  will  eval- 
uate the  characteristics  of  each,  and  bring  the  wisdom  of  the 
past,  not  its  foolishness,  to  nourish  the  wisdom  of  the  future. 

In  conclusion,  let  us  not  fear  to  lay  the  foundations  of  the 
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science  of  education  broad  enough  to  carry  and  to  advance 
our  twentieth-century  civiHzation.  Let  us  not  fear  to  strike 
out  for  ourselves  when  the  age  presents  new  demands.  Prog- 
ress is  essential  to  life,  as  Browning  says: 

"  What  comes  to  perfection  perishes." 
I  see  nowhere,  in  either  ancient  or  modern  times,  a  people 
whose  youths  have  been  trained  as  our  Americans  should  be 
trained.  Neither  Greece  nor  Rome  with  their  pinnacles  of 
culture  resting  on  the  barbarous  foundation  of  human  slavery,, 
nor  the  blooded  aristocracies  of  modern  times,  can  teach  us 
how  to  educate,  train  and  adorn  an  American  citizen.  We 
must  not  expect  all  our  students  to  rule,  nor  yet  all  to  be- 
ruled;  to  direct,  nor  yet  to  be  directed;  to  employ,  nor  to  be 
employed.  They  must  be  capable  of  all  these  things.  No 
narrow,  selfish  aim,  no  prejudice  of  caste,  no  false  claim  of 
high  culture  which  scorns  service,  must  mislead  the  growing, 
expanding  minds.  Give  them  a  generous,  symmetrical  training; 
open  wide  the  avenues  to  usefulness,  to  happiness,  to  power;., 
and  this  age  of  scientific  progress  and  material  wealth  shall 
be  also  an  age  of  high  intellectual  and  social  achievement. 
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CLOCKS— ANCIENT  AND  MODERN. 


To  those  who  have  never  had  an  opportunity  to  acquaint 
themselves  with  the  history  of  the  development  of  the  modern 
clock,  I  wish  to  say  that  no  attempt  will  be  made  to  trace  out 
that  development.  Time  will  not  permit,  as  those  familiar 
with  the -subject  well  know.  I  only  wish  to  call  to  your  atten- 
tion a  few  points  that  I  hope  may  be  of  general  interest. 

In  Nepal,  a  small  independent  state  situated  on  the  north- 
eastern frontier  of  Hindustan,  there  is  still  practised  what  is 
one  of  the  crudest  and  probably  earliest  methods  of  measuring 
time.  A  copper  vessel  with  a  small  hole  in  the  bottom  floats 
on  water,  sinks  and  fills  sixty  times  a  day.  Each  time  it  fills, 
a  gong,  or,  ghari,  is  struck,  in  progressive  numbers  from  dawn 
to  noon;  after  noon  the  first -gong  struck  indicates  the  number 
of  gharis  which  remain  of  the  day  until  sunset.  Day  is  con- 
sidered to  begin  when  the  tiles  of  a  house  can  be  counted  or 
when  the  hairs  on  the  back  of  a  man's  hand  can  be  discerned 
against  the  sky.  The  day  is  divided  into  60  gharis  of  24  minutes 
each,  each  ghari  into  60  palas  and  each  pala  into  60  bipalas. 

Leaving  India  for  vSumatra  and  stepping  aboard  a  Malay 
proa  we  should  there  find,  floating  in  a  bucket  of  water,  a  cocoa- 
nut  shell  having  a  small  perforation,  through  which  the  water 
by  slow  degrees  finds  its  way  into  the  interior.  When  the 
shell  fills  and  sinks,  the  man  on  watch  calls  the  time  and  sets 
it  afloat  again. 
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The  gradual  development  through  untold  ages  of  the  floating 
copper  vessel  has  given  us  our  finest  astronomical  clocks  of 
to-day,  and  similarly  the  floating  cocoanut  shell  may  be  con- 
sidered the  simplest  form  of  a  marine  chronometer. 

If  now  we  visit  the  Chinese  Empire  we  find  in  use  there  also 
the  water  clock,  but  instead  of  the  water  flowing  into  a  vessel 
through  a  small  hole  in  the  bottom,  it  flows  out  of  the  hole. 
In  attempting  to  calibrate  such  a  vessel  so  that  any  given  por- 
tion of  the  whole  time  required  to  empty  it  might  be  deter- 
mined, it  is  at  once  noticed  that  when  the  vessel  is  nearly  full 
the  water  flows  out  more  rapidly  than  when  it  is  nearly  empty. 
The  difficulty  here  presented  is  most  easily  overcome  bv  keeping 
the  vessel  filled  wdth  water  when  the  flow  will  be  uniform,  and 
catching  the  discharged  water  in  a  cylindrical  v^essel  in  which 
the  surface  of  the  water  will  rise  equal  distances  in  equal  times. 
Chinese  writers  ascribe  the  invention  of  this  instrument,  called 
a  clepsydra,  to  Hwang-ti,  who  lived  more  than  tw^enty-five 
centuries  before  our  era.  About  fourteen  centuries  later  Duke 
Chau  introduced  a  float  upon  the  surface  of  the  water  in  the 
final  cylinder  by  means  of  which  an  indicator  was  made  to 
travel  over  an  adjacent  scale  as  the  water  rose  in  the  cylinder, 
thus  allowing  the  indications  of  the  instrument  to  be  perceived 
at  a  greater  distance. 

These  instruments  that  have  just  been  described  may  be 
called  artificial  timekeepers,  and  are  used  primarily  to  sub- 
divide the  day,  while  the  sundial  of  equal  antiquity  with  the 
others  may  be  called  a  natural  timekeeper,  as  it  gives  a  means 
of  determining  day  after  day  a  particular  time  of  day,  such  as 
apparent  noon. 

The  earliest  mention  of  a  sundial  is  found  in  Isaiah  38 :  8, 
in  connection  with  the  promise  of  the  Lord  to  add  fifteen  years 
to  the  life  of  Hezekiah  who  lived  about  2,600  years  ago.  "And 
this  shall  be  a  sign  unto  thee  from  the  Lord,  that  the  Lord  will 
do  this  thing  that  he  hath  spoken;  behold,  I  will  bring  again 
the  shadow  of  the  degrees,  which  is  gone  down  in  the  sundial 
of  Ahaz,  ten  degrees  backward.  So  the  sun  returned  ten 
degrees,  by  which  degrees  it  was  gone  down." 

Of  the  nature  of  this  sundial  nothing  is  said,  nor  is  there 
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found  any  description  of  such  an  instrument  until  350  years 
later,  when  we  find  the  sundial  of  the  Chaldean  priest  Berosus, 
who  lived  in  the  time  of  Alexander  the  Great  and  his  immediate 
successors. 

This  consisted  of  a  hollow  hemisphere  placed  with  its  rim 
perfectly  horizontal,  and  having  a  bead  fixed  at  its  center.  So 
long  as  the  sun  remained  above  the  horizon  the  shadow  of  the 
bead  would  fall  on  the  inside  of  the  hemisphere,  and  the  path 
of  the  shadow  during  the  day  would  be  approximately  a  circular 
arc.  This  arc,  divided  into  twelve  equal  parts,  determined 
twelve  equal  interv^als  of  time  for  that  day.  Now  supposing 
this  were  done  at  the  time  of  the  solstices  and  equinoxes,  and 
on  as  many  intermediate  days  as  might  be  considered  sufficient, 
and  then  cur\^e  lines  drawn  through  the  corresponding  points 
of  division  of  the  different  arcs,  the  shadow  of  the  bead  falling 
on  one  of  these  curve  lines  would  mark  a  division  of  time  for 
that  day,  and  thus  we  should  have  a  sundial  which  would 
divide  each  period  of  daylight  into  twelve  equal  parts.  These 
equal  parts  were  called  temporary  hours;  and  since  the  duration 
of  daylight  varies  from  day  to  day,  the  temporary  hours  of 
one  day  would  differ  in  length  from  those  of  another.  Dials 
of  this  form  were  still  used  by  the  Arabians  a  thousand  years 
ago,  and,  about  1750,  four  such  were  found  in  Italy. 

The  introduction  of  the  sundial  into  Greece  is  generally  fixed 
by  historians  in  the  latter  part  of  the  sixth  century  b.  c.  At 
that  time  the  instrument  seems  to  have  been  a  very  crude  one, 
consisting  merely  of  a  pillar  without  any  graduated  dial  by 
means  of  which  the  day  could  be  divided  into  a  number  of 
equal  parts.  The  length  of  the  shadow  determined  the  time 
for  certain  regular  daily  duties,  as  a  shadow  six  feet  long  might 
indicate  the  time  for  bathing,  and  one  twelve  feet  long  that  for 
supper. 

As  civilization  advanced  and  the  needs  of  the  people  required 
more  accurate  measures  of  time,  the  sundial  was  developed. 
We  have  already  mentioned  the  sundial  of  Berosus,  about  350 
B.  c,  by  means  of  which  each  day  from  sunrise  to  sunset  was 
divided  into  twelve  equal  parts ;  that  is,  provided  the  sun  was 
visible  all  day  long. 
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As  the  sundial  could  not  be  used  indoors  or  on  cloudy  days, 
as  soon  as  the  Grecian  life  became  complex  enough  to  need  a 
timepiece  under  such  circumstances,  this  demand  was  met  by 
the  clepsydra.  The  time  of  its  introduction  is  not  definitely 
known,  but  the  familiar  references  of  Aristophanes  show  its 
use  to  have  been  common  about  430  b.  c,  while  no  mention 
is  made  of  it  by  Herodotus,  whose  history  ends  fifty  years 
earlier. 

A  passage  in  Aristotle  gives  some  idea  of  the  early  form  of 
the  clepsydra :  it  was  a  spherical  bottle  with  a  minute  opening 
at  the  bottom  and  a  short  neck  at  the  top  into  which  the  water 
was  poured,  and  by  closing  which  the  flow  of  the  water  could 
be  stopped.  This  form  of  clepsydra  became  a  necessar}^  adjunct 
of  all  courts  of  justice,  and  the  number  of  gallons  of  water  that 
a  lawyer  was  allowed  for  his  speech  gave  some  indication  of 
the  importance  of  the  trial.  In  fact,  the  word  uowo  became 
a  synonym  for  time.  We  find  Demosthenes  charging  his  oppo- 
nent with  talking  "in  my  water;"  and  on  another  occasion 
he  shows  the  value  he  attached  to  the  time  allotted  him  by 
turning  to  the  officer,  when  interrupted,  with  a  peremptory 
"You  there!  stop  the  water!"  reminding  one  of  the  "take  out 
time"  of  our  modem  football  contests. 

The  first  timepiece  of  the  Romans  seems  to  have  been  the 
watchman,  who,  from  the  Senate  House,  called  forth  noon  as 
soon  as  he  caught  sight  of  the  sun  between  the  Rostra  and  the 
Graeco-Statis.  From  the  same  point  he  watched  the  declining 
sun  and  proclaimed  its  disappearance.  This  custom  was  prob- 
ably instituted  towards  the  close  of  the  fifth  century  b.  c. 
According  to  Pliny  the  first  sundial  was  set  up  in  Rome  about 
290  B.  c.  About  thirty  years  later  Consul  Valerius  Messala 
erected  at  Rome  a  sundial  which  was  captured  at  Catania  in 
Sicily.  This  instrument  was  not  a  mere  gnomen  such  as  was 
introduced  three  centuries  earlier  into  Greece,  but  was  the 
result  of  Grecian  science  and  genius,  constructed  for  a  particular 
latitude,  that  of  Catania,  5°  south  of  Rome.  For  a  hundred 
years  this  sundial  supplied  the  needs  of  the  Romans  for  a  time- 
piece, although  it  w^as  constantly  in  error.  Finally,  in  164  b.  c, 
Marcius  Phillippus  set  up  near  the  dial  of  Catania,  one  con- 
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structed  for  the  latitude  of  Rome,  and  Rome  then  possessed 
her  first  accurate  timepiece;  and  during  the  time  of  Plautus 
the  use  of  sundials  became  common,  as  is  evidenced  by  the 
following  quotation : 

When  I  was  young,  no  time-piece  Rome  supplied, 
But  every  fellow  had  his  own — inside ; 
A  trusty  horologe,  that — rain  or  shine — 
Ne'er  failed  to  warn  him  of  the  hour — to  dine, 
Then  sturdy  Romans  sauntered  through  the  Forum, 
Fat,  hale,  content ;  for  trouble  ne'er  came  o'er  them, 
But  710W  these  cursed  dials  show  their  faces, 
All  over  Rome  in  streets  and  public  places; 
And  men,  to  know  the  hour,  the  cold  stone  question, 
That  has  no  heart,  no  stomach,  no  digestion, 
They  watch  the  creeping  shadows — daily  thinner — 
Shadows  themselves,  impatient  for  their  dinner. 
Give  me  the  good  old  time-piece,  if  you  please, 
Confound  the  villain  that  invented  these ! 

As  in  Greece  so  in  Rome,  the  clepsydra  followed  in  the  wake 
of  the  sundial,  and  as  in  the  case  of  the  sundial,  Grecian  science 
and  genius  had  by  this  time  produced  a  much  more  perfect 
instrument  than  that  first  used  by  the  Greeks. 

In  describing  the  sundial  of  Berosus,  I  stated  that  by  it  the 
day  was  divided  from  sunrise  to  sunset  into  twelve  parts,  vary- 
ing in  lengths  from  day  to  day,  called  temporary  hours.  If 
now  the  clepsydra  and  the  sundial  were  to  read  alike,  it  was 
necessary  that  the  hours  recorded  by  the  clepsydra  should  also 
change  from  day  to  day.  Various  devices  were  adopted  to 
accompHsh  this.  Further,  as  the  clepsydra  could  be  used 
throughout  the  entire  day  and  night,  it  was  necessary  to  have 
it  record  hours  of  a  different  length  at  night  from  what  it  did 
in  the  day,  as  each  night,  i.  e.,  from  sunset  to  sunrise,  was 
divided  into  twelve  hours  as  well  as  each  day. 

Fig.  I  represents  an  early  form  of  the  clepsydra.  It  consists 
of  an  inverted  cone  A,  wdth  a  small  aperture  at  its  vertex.  The 
water  is  supplied  through  the  pipe  H  and  is  prevented  from 
rising  above  a  fixed  level  in  A  by  the  waste  pipe  /,  which  carries 
off  the  superfluous  w^ater.  Thus  there  will  be  a  uniform  flow 
of  w^ater  from  the  vertex  of  the  cone  into  the  cylindrical  vessel 
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and  the  cork  F  will  rise  uniformly,  communicating  its  motion 
through  the  rod  E  to  the  hand  G,  which  indicates  the  hours 
on  the  dial.  In  order  to  produce  a  change  in  the  rate  of  flow 
of  the  water  from  the  conical  vessel,  as  is  necessary  in  having 
the  hand  indicate  hours  of  different  length  from  day  to  day, 
a  solid  cone  B,  similar  to  A,  was  plunged  into  the  hollow  one, 
and  its  position  for  any 'given  day  or  night  was  indicated  by 
the  coincidence  of  a  particular  one  of  the  adjusting  marks  on 
the  stem  D  with  the  top  cross-piece  of  the  frame  C. 


Fig.  I .  Early  Form  of  Clepsydra. 


Fig.  2.  Clepsydra  of  Ctesibius. 


A  later  form  of  clepsydra,  attributed  to  Ctesibius,  who  lived 
during  the  latter  part  of  the  third  century  b.  c,  is  shown  in 
Fig.  2.  A  is  the  end  of  a  tube  over  which  an  image  stands, 
which  is  connected  with  a  full  reservoir,  and  from  the  eyes  of 
which,  considered  as  invariable  apertures,  the  water  continually 
flows  or  drops  in  a  regulated  manner  into  it ;  this  tube  conveys 
the  water  into  the  top  of  the  cylindrical  vessel  BCDF,  which 
gradually  fills,  the  cork  D,  with  its  attached  pillar  C,  rising  at 
the  same  time.  On  the  top  of  this  pillar  is  an  image  holding 
an  index  which  points  to  the  divisions  on  the  large  column 
above.  Now  when  the  water  rises  in  the  cylindrical  vessel  it 
also  rises  in  the  small  tube  FB,  which  constitutes  one  leg  of  a 
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syphon;  consequently,  when  the  small  tube  fills  and  the  index 
has  mounted  to  the  top  of  the  large  column,  the  water  flows 
over  the  bent  part  B  of  the  syphon  and  the  vessel  is  emptied 
into  one  of  the  six  troughs  of  the  waterwheel  K,  which  is  thus 
turned  one-sixth  of  a  revolution,  and  the  column,  by  means 
of  the  gearing  shown  in  the  figure,  i  /365  of  a  revolution,  during 
which  time  the  image  falls  with  its  index  to  the  bottom  of  the 
column,  to  be  ready  for  the  next  day.  There  are  ruled  around 
the  large  column  twenty-five  lines  properly  sloped  with  respect 
to  each  other,  so  that  the  index  may  indicate  the  hour  on  any 
day  of  the  year. 

For  the  next  fifteen  centuries  or  more  after  the  introduction 
of  this  clepsydra  of  Ctesibius,  sundials  and  clepsydras  were 
the  timekeepers  of  mankind.  These  were  then  gradually  sup- 
planted by  weight  clocks. 

I  am  not  able  to  give  the  date  of  the  manufacture  of  the  first 
clock  composed  of  an  assemblage  of  wheels  actuated  by  a  sus- 
pended gravitating  body  and  controlled  by  a  regulator  of  some 
determined  shape  and  dimensions,  i.  e.,  a  regulated  machine 
for  measuring  time  without  the  assistance  of  water. 

There  may  be  seen  at  the  South  Kensington  Museum  an  old 
clock  movement,  now  controlled  by  a  pendulum,  which  was 
removed  about  seventy  years  ago  from  a  clock  in  Wells  Cathe- 
dral and  which  is  said  to  have  been  built  by  Peter  Lightfoot, 
about  1335,  for  the  church  of  Glastonbury  Abbey,  from  which 
it  w^as  removed  to  Wells  Cathedral  in  the  reign  of  Henry  VIII, 
where,  I  believe,  the  dial  and  its  accessories  may  now  be  seen. 
In  addition  to  indicating  the  time,  this  clock  was  intended  to 
indicate  the  age  of  the  moon  and  to  show  its  phase.  Also  it 
caused  a  man  to  strike  the  quarter  hours  with  his  feet  on  two 
little  bells,  and  the  hours  on  another  bell  before  him  with  a 
battle-axe  that  is  in  his  hand.  It  also  set  in  motion  four  eques- 
trian knights  equipped  for  a  tournament.  If  the  date  given 
for  the  clock  is  correct  the  figures  operated  in  connection  with 
it  are  hardly  the  original  ones.  One  of  the  knights  is  painted 
in  the  civil  costume  of  the  seventeenth  century. 

About  1360  there  was  erected  in  the  tower  of  the  palace  of 
Charles  V  of  France  a  clock  constructed  by  Henry  de  Vick,  of 
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Wiirtemberg.  This  clock  was  made  for  the  simple  purpose 
of  telling  the  time  of  day  and  was  not  expected  to  perform  the 
numerous  feats  that  were  so  frequently  required  of  clocks  in 
earlier  days,  and  may  be  taken  as  a  type  of  the  earliest  clock 
movements. 

From  Fig.  3,  giving  both  a  front  and  a  side  view,  the  operation 
of  the  clock  may  be  clearly  understood.  The  motion  of  the 
falling  weight  A  is  transmitted  by  means  of  the  wheels  G,  e,  H 
and  g  to  the  wheel  /;  this  last  wheel,  by  giving  the  pallets  or 
short  levers,  h,  i,  each  a  push  alternately  by  two  teeth,  at'oppo- 


Front  view.  Side  view. 

Fig.  3.     Ancient  Clock  by  Henry  de  Vick. 

site  sides  of  its  circumference,  and  moving  in  opposite  directions, 
one  forward  and  the  other  backward,  gives  a  vibratory  motion 
to  the  vertical  arbor  K,  and  as  the  regulator  or  balance  was 
fixed  on  this  arbor,  it  was  thus  made  to  vibrate  backwards  and 
forwards  at  every  push  of  the  escapement  wheel  upon  the  pal- 
lets, the  period  of  the  vibration  being  regulated  by  the  position 
of  the  small  weights  m,  m  on  its  arms.  Thus  the  whole  dura- 
tion of  a  vibration  was  the  measure  of  time,  and  the  wheels 
and  pinions  were  employed  first  to  transmit  the  maintaining 
power  to  the  balance,  and  secondly  to  number  the  vibrations 
and  indicate  them  in  visible  form  by  a  hand  0  on  a  dial  plate. 
Fig.  4  gives  a  view  of  the  escapement  wheel  looking  from  above. 
The  pallets  were  placed  at  about  90°  from  each  other  on  the 
arbor  or  verge  of  the  balance,  so  that  when  one  of  them  was 
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parting  with  its  tooth  of  the  escapement  wheel,  the  other  was 
in  a  situation  to  receive  the  opposite  one  immediately,  but  the 
motion  of  the  verge  will  not  be  at  once  reversed.  The  escape 
wheel  will  recoil  until  the  impetus  of  the  balance  is  exhausted. 

The  substitution  of  the  main  spring  for  a  large  heavy  body  as 
a  first  mover  constituted  a  second  era  in  modern  horology, 
from  which  we  may  date  the  origin  of  the  fusee,  or  niechanism 
for  equalizing  the  variable  power  of  a  coiled  spring. 

While  the  date  at  which  the  first  portable  clock  was  made 
may  not  be  definitely  stated,  it  was  certainly  as  early  as  1525, 
as  the  vSociety  of  Antiquaries  in  England  has  in  its  possession 
one  made  in  that  year  by  Jacob  Zech  at  Prague,  the  inventor 
of  the  fusee.  Its  construction  differs  materially  from  that  of 
De  \'ick's  clock  only  in  that  it  has  a  spiral  spring  with  a  fusee 
instead  of  the  driving  weight. 

Such  was  the  state  of  clockwork  when  Galileo,  the  celebrated 
philosopher  and  mathematician,  while  watching  the  vibrations 


Fig.  4.     View  of  de  Vick's  Escapement  Wheel  from  Above. 

of  the  great  bronze  lamp  swinging  from  the  roof  of  the  cathedral 
of  Pisa  in  1583  observed  that,  whatever  the  range  of  its  oscilla- 
tions, they  were  invariably  executed  in  equal  times.  Because 
of  this  isochronal  property  of  a  vibrating  suspended  body  the 
pendulum  was  introduced  as  the  regulator  of  clockwork,  thus 
inaugurating  the  third  era  in  the  development  of  the  modern 
clock. 

The  honor  of  being  the  first  to  apply  a  pendulum  as  a  regu- 
lator of  clockwork  is  claimed  for  several  clockmakers. 

The  earliest  of  these  is,  I  believe,  Richard  Harris,  who  is 
said  to  have  made  a  pendulum  clock  for  St.  Paul's  Church, 
Covent  Garden,  in  1641 .  Vincent  Galileo  claims  to  have  applied 
his  father's  discovery  to  the  construction  of  a  pendulum  clock 
in  1649,  but  does  not  seem  to  have  made  the  fact  public  until 
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after  Huyghcns  in  1657  presented  to  the  States  of  Holland  a 
clock  controlled  by  a  pendulum,  claiming  for  himself  the  inven- 
tion of  this  form  of  control.  Certain  it  is  that  Huyghens  gave 
much  study  to  the  mathematical  theory  of  the  pendulum,  and 
proved  that  in  order  that  pendulum  vibrations  of  different 
lengths  should  be  strictly  isochronal,  the  pendulum  should 
vibrate  between  cycloidal  checks.  Such  an  arrangement  he 
introduced  into  his  clock  of  1657,  -which  also  contained  the 
famous  Huyghens  loop  in  connection  with  the  winding  appa- 
ratus. 

With  the  verge  escapement,  Fig.  4,  the  one  in  use  when  the 
pendulum  was  applied  to  clockwork,  and  which  required  a  long 
arc  of  vibration  for  the  escapement  of  the  escapement  wheel, 
the  deviation  of  the  circular  arc  described  by  an  ordinary  pendu- 
lum from  the  theoretical  cycloidal  arc  was,  of  necessity,  taken 
into  account.  With  the  introduction  of  the  anchor  or  recoil 
escapement.  Fig.  5,  invented  by  Dr.  Hooke  in  about  1675,  the 
long  swing  of  the  pendulum  was  obviated  and  the  cycloidal 
cheeks  were  found  to  be  more  detrimental  than  advantageous. 

The  expansion  of  metals  by  heat  has  been  known  ever  since 
the  middle  of  the  seventeenth  century,  and  early  in  the  eight- 
eenth George  Graham  set  himself  the  task  of  making  a  clock 
pendulum  such  that  the  distance  between  the  center  of  oscilla- 
tion and  the  center  of  suspension  would  be  independent  of  the 
temperature.  I  quote  from  his  paper  "A  Contrivance  to  Avoid 
Irregularities  in  a  Clock's  Motion  by  the  Action  of  Heat  and 
Cold  upon  the  Pendulum,"  communicated  to  the  Royal  Society 
in   1726: 

"Whereas  several  who  have  been  curious  in  measuring  time 
have  taken  notice  that  the  vibrations  of  a  pendulum  are  slower 
in  summer  than  in  winter,  and  have  very  justly  supposed  this 
alteration  has  proceeded  from  a  change  of  length  in  the  pendu- 
lum itself,  by  the  influence  of  heat  and  cold  upon  it,  in  the 
different  seasons  of  the  year;  with  a  view,  therefore,  of  correct- 
ing, in  some  degree,  this  defect  of  the  pendulum,  I  made  several 
trials,  about  the  year  17 15,  to  discover  whether  there  was  any 
considerable  difference  of  expansion  between  brass,  steel,  iron, 
copper,  silver,  etc.,  when  exposed  to  the  same  degree  of  heat 
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as  nearly  as  I  could  determine,  conceiving  it  would  not  be  very 
difficult,  by  making  use  of  two  sorts  of  metals,  differing  con- 
siderably in  their  degrees  of  expansion  and  contraction,  to 
remedy,  in  great  measure,  the  irregularities  to  which  common 
pendulums  are  subject.  But  although  it  is  easily  discoverable 
that  all  these  metals  suffer  a  sensible  alteration  of  their  dimen- 
sions by  heat  and  cold,  yet  I  found  their  dift'erences  in  quantity 
from  one  another  were  so  small,  as  gave  me  no  hopes  of  succeed- 
ing this  way,  and  made  me  leave  off  prosecuting  this  affair  any 
further  at  that  time.  In  the  beginning  of  December,  172 1, 
having  occasion  for  an  exact  level,  besides  other  materials  I 
made  trial  of,  quicksilver  was  one;  which,  although  I  found 
it  was  by  no  means  proper  for  a  level,  yet  the  extraordinary 
degree  of  expansion  that  I  observed  in  it  when  placed  near 
the  fire,  beyond  what  I  had  conceived  to  be  in  so  dense  a  fluid, 
immediately  suggested  to  me  the  use  that  might  be  made  of  it 
by  applying  it  to  a  pendulum.  In  a  few  days  after  I  made 
the  experiment,  but  with  much  too  long  a  column  of  quicksilver, 
the  clock  going  slower  with  an  increase  of  cold,  contrary  to 
the  common  pendulum;  however,  it  was  a  great  confirmation 
of  the  advantage  to  be  expected  from  it,  since  it  was  easy  to 
shorten  the  column  in  any  degree  required.'' 

As  his  first  jar  was  too  long,  so  his  second  was  too  short, 
but  by  June  9,  1722,  he  was  ready  to  test  the  running  of  his 
mercury  pendulum  clock  with  one  regulated  by  an  uncompen- 
sated pendulum.     He  says: 

"For  the  first  year  I  wrote  down  every  day  the  difference 
between  the  two  clocks,  with  the  height  of  the  thermometer, 
not  omitting  the  transits  of  the  stars  as  often  as  it  was  clear. 
The  result  of  all  the  observations  was  this,  that  the  irregularity 
of  the  clock  with  the  quicksilver  pendulum,  compared  with  the 
transits  of  the  stars,  exceeded  not,  when  greatest,  a  sixth  part 
of  that  of  the  other  clock  with  the  common  pendulum ;  but  for 
the  greatest  part  of  the  year,  not  above  an  eighth  or  ninth  part, 
and  even  this  quantity  would  have  been  lessened  had  the  pillar 
of  mercury  been  a  little  shorter,  for  it  differed  a  little  the  con- 
trary way  from  the  other  clock,  going  faster  with  heat,  and 
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slower  with  cold;  but  I  made  no  alteration  in  length  to  avoid 
an  interruption  of  the  observations." 

A  few  years  afterward  John  Harrison  brought  out  his  gridiron 
pendulum  composed  of  four  brass  and  five  steel  rods,  so  con- 
structed that  the  expansion  of  the  steel  rods  tended  to  lower 
the  pendulum  bob  while  the  expansion  of  the  brass  one  tended 
to  raise  it. 

Another  form  of  compensated  pendulum  that  has  found 
favor  is  the  zinc-tube  pendulum,  in  which  the  zinc  tube  sur- 
rounds a  rod  of  steel  and  is  itself  surrounded  by  a  tube  of  steel. 
Here  the  zinc  tube  fulfils  the  purpose  of  the  brass  rods  in  the 
gridiron  pendulum.  At  present  at  least  one  firm  of  clock 
manufacturers  is  using  invar  or  nickel  steel  for  its  pendulum 
rods. 

Attempts  have  also  been  made  to  compensate  a  pendulum 
to  avoid  changes  in  the  rate  due  to  changes  of  the  barometer. 
At  Greenwich  this  is  accomplished  by  attaching  a  magnet  to 
the  end  of  the  pendulum  and  causing  a  second  magnet  supported 
below  the  pendulum  to  approach  or  recede  from  the  pendulum 
with  changes  of  the  barometer.  This  second  magnet  increases 
the  acceleration  due  to  gravity  to  a  greater  or  less  degree  as 
it  approaches  or  recedes  from  the  pendulum. 

The  most  satisfactory  way,  however,  of  freeing  a  clock  rate 
from  variations  due  to  changes  of  temperature  and  pressure 
is  to  enclose  the  clock  in  an  air-tight  glass  case  kept  in  a  room 
of  constant  temperature.  A  number  of  observatories  now 
keep  their  standard  clocks  under  such  conditions. 

Another  improvement  in  the  manufacture  of  clocks  was 
accomplished  by  Graham  in  the  introduction  of  the  dead-beat 
escapement. 

In  Fig.  5  are  shown  both  the  anchor  or  recoil  escapement 
and  the  dead-beat  escapement.  In  the  first,  shown  on  the 
left,  the  pendulum  moving  to  the  left  has  just  escaped  a  tooth 
at  the  left-hand  pallet  and  allowed  a  tooth  to  fall  on  the  right- 
hand  one.  The  pendulum,  however,  still  continues  its  swing 
to  the  left,  and  in  consequence  the  pallet  pushes  the  wheel 
back,  thus  causing  the  recoil  that  gives  the  name  to  the  escape- 
ment.    It  is  only  after  the  pendulum  comes  to  rest  and  begins 
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its  excursion  the  other  way  that  it  gets  any  assistance  from  the 
wheel,  and  the  difference  between  the  forward  motion  of  the 
wheel  and  its  recoil  forms  the  impulse.  In  the  right-hand 
figure,  the  pendulum  moving  to  the  right  has  just  escaped  a 
tooth  from  the  right-hand  pallei  while  another  has  fallen  upon 
the  left-hand  one.  As  the  pendulum  continues  its  motion 
towards  the  right,  the  left-hand  pallet  slides  over  the  point  of 
the  tooth,  but  there  is  no  recoil,  as  the  "dead"  face,  as  it  is 
called,  is  the  arc  of  a  circle  whose  center  is  the  point  about 
which  the  anchor  turns.  As  the  pendulum  returns  towards 
the  left,  the  tooth  traverses  the  "dead"  face  in  the  opposite 
direction,  and  immediately  upon  leaving  this  face  it  passes  to 


Anchor  or  Recoil  Escapement.     Dead-beat  Escapement. 
Fig.   5. 

the  "impulse"  face,  and  while  passing  along  this  face  gives  the 
impulse  to  the  pendulum. 

The  great  advantage  of  the  dead-beat  escapement  over  the 
anchor  or  recoil  type  is  that,  although  a  slight  increase  of  force 
on  the  escapement  wheel  increases  the  arc  of  the  pendulum, 
it  does  not  sensibly  increase  the  time,  while  the  time  does 
sensibly  increase  with  the  recoil  escapement. 

At  about  this  time  also,  Mudge  introduced  the  gravity  escape- 
ment. With  all  the  previous  escapements  the  impulse  was 
given  to  the  pendulum  by  the  driving  weight  acting  through 
the  train  so  that  any  irregularities  in  the  train  would  cause  a 
variation  in  the  impulse.  With  the  gravity  escapement  a 
weight  is  raised  by  the  train  and  the  falling  of  this  weight  gives 
the  impulse  to  the  pendulum.  We  thus  have  a  uniform  impulse 
at  each  oscillation  due  to  the  falling  of  a  weight  through  a  fixed 
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distance.  Simple  and  elegant  as  is  this  theory,  the  application 
of  it  gave  a  great  deal  of  trouble  and  all  gravity  escapements 
were  regarded  with  suspicion,  as  having  a  tendency  to  trip, 
until  Mr.  Denison  designed  the  double  three-leg  one  for  the 
great  clock  at  the  Houses  of  Parliament  about  fifty  years  ago. 
Incidentally,  it  might  be  mentioned  that  this  Westminster 
clock  has  turned  out  to  be  the  finest  timekeeper  of  any  public 
clock  in  the  world.  The  original  specifications  required  that 
the  clock  should  be  guaranteed  to  perform  within  a  margin  of 
a  minute  a  week,  which  caused  the  leading  clockmakers  of 
England  to  decline  to  bid  for  the  work.  However,  under  Mr. 
Denison's  superv^ision  the  clock  was  built  by  Mr.  Dent,  and  from 
reports  of  the  Astronomer  Royal,  who  receives  at  Greenwich 
two  signals  a  day  from  this  clock,  sent  automatically,  its  error 
is  rarelv  over  a  second  a  week. 


Fig.  6.     Denison  Gravity  Escapement. 

The  Denison  gravity  escapement  is  sho^m  in  Fig.  6.  This 
escapement  consists  of  two  gravity-impulse  pallets  pivoted  as 
nearly  as  possible  in  a  line  with  the  bending  point  of  the  pendu- 
lum spring  and  touching  the  pendulum  near  the  bottom  of  the 
figure.  The  locking  wheel  is  made  up  of  two  thin  plates  having 
three  long  teeth  or  "legs"  each.  These  two  plates  are  squared 
on  the  arbor  a  little  distance  apart,  one  on  each  side  of  the 
pallets.  Between  them  are  three  pins  which  lift  the  pallets. 
In  the  figure,  one  of  the  front  legs  is  resting  on  a  block  screwed 
to  the  front  of  the  right-hand  pallet.  There  is  a  similar  block 
screwed  to  the  back  of  the  left-hand  pallet  for  the  legs  of  the 
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back-plate,  which  is  shaded  in  the  figure,  to  lock  upon.  Pro- 
jecting inward  from  each  of  the  pallets  is  an  arm.  The  tip  of 
the  one  on  the  right-hand  pallet  is  just  in  contact  with  one  of 
the  pins  which  has  lifted  the  pallet  to  the  position  shown.  Tlie 
pendulum  is  traveling  in  the  direction  indicated  by  the  arrow, 
and  the  left-hand  pallet  has  just  given  impulse.  The  pendulum 
rod  in  its  swing  will  push  the  right-hand  pallet  far  enough  for 
the  leg  of  the  front  locking  plate,  which  is  now  resting  on  the 
block,  to  escape.  Directlv  it  escapes,  the  left-hand  pallet  is 
lifted  free  of  the  pendulum  rod  by  the  lowest  of  the  three  pins. 
After  the  locking  wheel  has  passed  through  60°,  a  leg  of  the 
back  locking  plate  is  caught  by  the  locking  block  on  the  left- 
hand  pallet.  As  the  three-leaved  pinion  always  lifts  the  pallets 
the  same  distance,  the  pallets  in  returning  give  a  constant 
impulse  to  the  pendulum. 

About  fifteen  or  twenty  years  ago  the  Rieflers,  clockmakers 
of  Munich,  introduced  into  their  clocks  an  escapement  in  which 
the  impulse  is  communicated  to  the  pendulum  through  the 
suspension  spring.  The  pendulum  is  supported  bv  a  locking 
frame  to  which  is  attached  the  anchor  carrying  the  pallets 
which  are  acted  upon  by  the  escapement  wheel.  Just  after 
the  pendulum  has  passed  through  its  vertical  position,  the 
escapement  wheel,  when  released,  gives  to  the  supporting  frame 
of  the  pendulum  suspension  spring  a  slight  tilt  in  the  opposite 
direction  from  that  in  which  the  pendulum  is  moving,  thus 
increasing  the  tension  of  the  spring  due  to  the  swing  of  the 
pendulum  to  one  side. 

In  the  next  few  minutes  I  wish  to  consider  the  accuracy  with 
which  our  astronomical  clocks  perform  their  function. 

The  earliest  star  catalogue  of  precision  is  that  of  Bradley, 
and  the  observations  upon  which  it  is  based  were  made  about 
a  third  of  a  centurv  after  the  introduction  of  the  compensated 
pendulum.  In  discussing  the  performance  of  his  clock,  I  have 
used  the  adopted  rates  as  given  by  Auwers  in  his  rereduction  of 
Bradlev.  The  monthlv  means  of  the  rates  from  July,  1758, 
to  July,  1759,  were  taken  and  the  difference  of  each  rate  from 
its  monthly  mean.  Then  the  mean  of  these  differences  without 
regard  to  sign  was  taken  for  each  month. 
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The  rates  of  two  other  clocks  of  the  Greenwich  Observatory 
were  likewise  discussed,  the  standard  clock  for  the  year  1850 
and  that  for  1900,  the  adopted  daily  rates  as  published  in  the 
annual  volumes  being  used.  The  first  of  these  was  kept  in 
the  observing  room  and  thereby  subjected  to  large  variations 
of  temperature,  while  the  second,  made  in  1871  by  E.  Dent 
and  Company,  was  fixed  to  the  north  wall  of  the  magnetic 
basement,  as  in  this  apartment  the  temperature  is  kept  nearly 
uniform.  The  pendulum  of  this  latter  clock  is  provided  with 
barometric  as  well  as  thermometric  composition. 

I  sought  to  make  a  similar  comparison  for  the  clocks  of  the 
other  large  observatories,  but  soon  found  that  the  information 
concerning  the  performance  of  the  various  clocks  was  given  in 
such  a  form  that  it  was  in  almost  every  case  either  impossible 
or  extremely  laborious  to  secure  the  desired  result.  However, 
there  are  two  well-known  clocks  which  should  be  mentioned 
in  this  connecLion,  and  in  conclusion  I  will  give  some  hitherto 
unpublished  data  concerning  the  clock  with  which  I  have  been 
working  during  the  past  three  years. 

Probably  no  clock  has  had  its  rate  more  thoroughly  dis- 
cussed than  Hohwii  No.  17,  the  standard  clock  of  the  obser- 
vatory at  Leiden. 

It  was  set  up  in  the  transit  room  in  1861  and  in  December, 
1898,  was  removed  to  the  large  hall  of  the  observatory,  where, 
enclosed  in  two  wooden  cases,  it  was  placed  in  a  niche  cut  in 
the  pier  of  the  ten-inch  refractor.  To  further  guard  against 
sudden  changes  of  temperature  the  niche  is  closed  by  a  glass 
door.  At  the  meeting  of  the  Royal  Academy  of  Sciences  at 
Amsterdam,  held  September  27,  1902,  Dr.  E.  F.  van  de  Sande 
Bakhuyzen  submitted  t'  e  following  formula  as  the  best  repre- 
sentation of  the  daily  rale  of  the  clock: 

Daily  rate=   —  o'.i73  +  0^.0157  (h-76o'"'°) 

—  o^o253  (t-io°)  +  o^ooo74  (t-io^)^ 
+  0^.0465  cos  271  (T-May  3)  365 

and  gave  the  result  of  a  comparison  of  the  observed  daily  rates 
1 899- 1 902,  the  average  interval  of  time  for  each  rate  being  six 
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davs,  with  those  computed  by  means  of  the  above  formula. 
I  find  during  the  year  1900  the  mean  of  these  differences  is 
0^^.028  and  the  largest  difference  is  0^.071. 

About  1867  F.  Tiede  installed  at  the  BerUn  Observatory  a 
weight-driven  clock  enclosed  in  an  air-tight  case.  The  original 
escapement  was  replaced  in  1876  by  a  gravity  escapement 
and  the  clock  has  continued  to  give  satisfaction,  certainly  up 
until  1902,  when  it  was  dismounted  for  cleaning.  The  only 
published  rates  that  I  have  been  able  to  secure  are  those  during 
twelve  weeks  in  1877-8.  During  this  period  the  average 
deviation  of  the  observed  daily  rates,  the  average  interval  for 
each  rate  being  six  days,  from  the  mean  daily  rate  for  the 
entire  period  is  0^.030. 

In  connection  with  the  publication  of  these  rates*  the  state- 
ment is  made  that  for  weeks  at  a  time  this  mean  deviation  will 
not  exceed  0^^.02. 

DAILY   RATE   OF   RIEFLER   SIDEREAL   CLOCK   No.  70. 


Date. 


1904 
Feb.    8-1 1 

11-15.... 

15-20 

Mar.   1-4 

4-9 

9-16. . . . 
16-18. . . . 
18-22.  .  .  . 
22-25.  •  •  • 
25-28 .  .  .  . 
28-34 .... 
Apr.   3-5 

5-13 

13-16. .  .  . 
16-19 •  •  •  ■ 
19—22 .  .  .  . 
22-31 .  .  .  . 
May   1-4 

4-7 

7-12.  .  .  . 


*A.  N.  Nr.  2184. 


Daily 
rate. 


s. 
-f  0.019 

—  0.014 
-f  0.005 

—  0.026 

— O.OIO 

—  0.022 

-0.043 

—  0.022 

—  0.029 

4-0.002 

—  o . 007 
-1-0. 017 
-I- 0.002 
-1-0.026 

+0.034 

-I-  o .  002 
-l- 0.029 

+0.II3 
+0.082 
+  0. 161 


Mean 
barom- 

Mean 

eter. 

temp. 

mm. 

0 

631.0 

28. 3C 

631 -5 

28.5 

631 -.5 

28.3 

631.0 

28.2 

631.0 

28.2 

631-5 

28.1 

631.0 

28.1 

631.0 

28.0 

631.0 

28.0 

631.0 

27-7 

631.0 

27.7 

631.0 

274 

631.0 

26.9 

631.0 

26.5 

631.0 

26.3 

631.0 

26.4 

631 .0 

25.0 

631 -5 

243 

631.0 

24.1 

631.0 

24.0 

Com- 
puted 
rate. 


0-C. 


+ o . 009 

—  0.006 

—  0.002 

—  0.012 

—  0.016 

—  0.018 

—  0.022 

—  0.021 

—  0.024 

—  0.014 

—  0.018 

—  0.009 
-I-0.014 
+  0.021 
+  0.027 
+  0.020 
+  0.077 
+  0.103 
+  0. 109 
+  0. 109 

Mean. . 


+  0.010 

—  0.008 
+  0.007 

—  0.014 
+  0.006 

—  o . 004 

—  0.021 
— o.ooi 
-0.005 
+  0.016 
+  0.011 
+  0.026 

—  0.012 
+  o . 005 
+  o . 007 

—  0.018 

—  o . 048 
+  0.010 

—  0.027 
+  0.052 

±0.015 


W.    S.    EICHELBERGER. 
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In  1903  there  was  installed  at  the  Naval  Observatory  one 
of  Riefler's  clocks,  No.  70,  with  a  nickel-steel  pendulum,  the 
impulse  being  communicated  to  the  pendulum  through  the 
suspension  spring.  This  clock  was  enclosed  in  an  air-tight 
glass  case  and  was  mounted  in  a  vault  where  the  temperature 
was  artificially  controlled.  The  definitive  rates  have  been 
determined  from  September,  1903,  to  May,  1904,  but,  unfortu- 
nately, during  this  entire  period  we  were  unable  to  prevent  the 
glass  case  leaking  and  there  was  a  variation  of  temperature 
in  the  vault  of  about  5°  C.  However,  from  the  first  of  Feb- 
ruary to  the  middle  of  May  the  pressure  was  kept  nearly  con- 
stant by  reducing  it  each  day  by  means  of  an  air  pump  by  from 
I  to  2  millimeters.  During  this  period  the  following  results 
were  obtained : 

The  formula  from  which  the  computed  rate  is  obtained, 

Daily  rate  =    -|-  0^.0161  —  0^.00103  (T-Mar.  29.0) 
-  o^o456  (t-27°.o) 

is  the  result  of  a  least  square  solution  of  the  twenty  observed 
rates. 

Collecting  together  the  results  given  above,  w^e  have : 

MEAN    DEVIATION   OF    DAILY   CLOCK   RATE. 


Clock. 

Date. 

Mean 
deviation. 

Bradley 

1759 
1850 
1900 

1877 
1900 
1904 

0   102 

Greenwich  Observatory 

0.149 

0.051 

0.02-0.03 

0.028 

0.015 

Greenwich  Observatory 

BerUn  Observatory 

Leiden  Observatory 

U.  S.  Naval  Observatory 

In  considering  this  table  I  hope  the  particular  method  by 
which  each  of  the  numbers  given  was  obtained  will  be  remem- 
bered. The  reason  for  using  dift'erent  methods  has  already 
been  given.     If  the  rates  of  the  first  three  clocks  had  been 
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treated  in  a  manner  similar  to  that  used  in  the  last  three  cases, 
the  numbers  given  might  have  been  slightly  smaller,  and  if 
the  period  under  consideration  with  the  Berlin  and  Washington 
clocks  had  been  longer  the  two  corresponding  residuals  might 
have  been  slightly  larger. 


PAPERS   READ. 


The   Rational   Basis   of   Mathematical   Pedagogy.     By   Professor 
S.  E.  Slocum,  Uxiversity  of  Cixcinxati. 


Photographic    Observations   of   the    Milky    Way.     By    Professor 
E.  E.  Barnard,  Yerkes  Observatory. 


The  Tenth  Satellite  of  Saturn.     By  Professor  \V.  H.  Pickering, 
Harvard  University. 


On  the  Law  of  Gravitation  in  the  Binary  Systems.     By  Dr.  F.  L. 
Griffin,  Williams  College. 


Latitude  Terms  of  Long  Period.     By  Professor  C.  L.   Doolittle. 


An  Examination  of  the  Results  of  Seven  Years'  Observation 
with  the  Zenith  Telescope  of  the  Flower  Observatory  for 
Latitude  Terms  of  Long  Period.  By  Professor  C.  L.  Doolittle, 
University  of  Pennsylvania,  Philadelphia. 


A  Preliminary  Report  on  a  Solar  Rotative  Period  Investigation. 
By  Mr.  Philip  Fox,  Yerkes  Observatory,  Williams  Bay,  Wis. 


The  Retrograde  Motion  of  Phcebe.     By  Mr.  A.  O.  Granger,  Phila- 
delphia,  Pa.     (Read  by  title.) 


I 
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The  Sect-Carrier  and  the  Set-Sect.     By  Professor  G.  B.  Halsted, 
State  Normal  College,  Greeley,  Colo. 


On  a  Fundamental  Theorem  of  Weierstrass  by  Means  of  Which 
THE  Theory  of  Elliptic  Functions  may  be  Established.  By 
Professor  Harris  Hancock,  University  of  Cincinnati,  Cincin- 
nati, O. 


Dynamical  Tr.\jectories.     By  Dr.  Edward  Kasner,  Columbia  Uni- 
versity, Xew  York  City. 


The  Stream  Function  for  a  Straight  Channel  with  a  Circular 
Island.     By  James  McMahon,  Cornell  University,  Ithaca,  N.  Y. 


Preliminary  Wave-Lengths  of  Flash  Spectra  taken  in  Spain, 
August  30,  1905.  By  Dr.  S.  A.  Mitchell,  Columbia  University, 
New  York  City. 


On  the  Minimum  Number  of  Operators  whose  Orders  exceed  Two 
IN  any  Finite  Group.  By  Dr.  G.  A.  Miller,  University  of  Illinois, 
Urbana,  III. 


Results  of  Physical  Observations  on  the  Saturnian  System  with 
the  18-INCH  Clark  Refractor.  By  Professor  David  Todd,  Am- 
herst College,  Amherst,  Mass.     (Presented  by  title.) 
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BY 


HENRY  CREW, 

VICE-PRESIDENT    AXD    CHAIRMAN    OF    SECTION    B    FOR    1906. 


FACT  AND  THEORY  IN  SPECTROSCOPY. 


Before  passing  to  some  present  problems  in  physics,  let  us 
pause  a  moment  to  consider  the  losses  which  our  science  has 
sustained  since  the  last  annual  meeting. 

The  life  and  work  of  Professor  Langley,  who  died  on  the 
tw^enty-seventh  of  February  last,  will  long  continue  to  form  an 
important  chapter  in  the  history  of  astrophysics.  To  the  study 
of  this  science  he  brought  rare  skill,  perseverance  and  clearness 
of  purpose.  Among  his  most  important  contributions  is  to  be 
mentioned  his  epoch-making  determination  of  the  distribution 
of  energy  through  the  spectra  of  various  sources,  including 
especially  the  sun,  moon  and  firefly.  His  measurement  of  the 
lifting  power  of  an  aeroplane  driven  at  a  definite  angle  with  a 
definite  speed,  his  exquisite  discussion  of  the  "Internal  Work 
of  the  Wind"  with  itsaccompanying  explanation  of  soaring,  and 
his  still  later  achievement  of  actual  flight,  are  matters  which 
have  perhaps  only  recently  received  fair  appreciation.  The 
recent  performance  of  the  \\"right  brothers  in  Ohio  and  the 
flight  of  Santos  Dumont  in  a  "manned"  machine  are  but  two 
events  in  the  logical  series  which  Professor  Langlev  did  much 
to  initiate. 

On  the  nineteenth  of  April,  1906,  occurred  a  great  tragedy. 
Nothing  in  the  behavior  of  that  remarkable  element  which  he 
helped  to  discover  can  be  considered  more  unexpected  or  more 
inexplicable  than  the  death  of  Professor  Pierre  Curie. 
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The  manner  in  which  the  clew  given  by  uranium  rays  was 
taken  up  and  followed  out  with  persistent  endeavor,  clearness  of 
vision,  simplicity  of  life  and  modesty  of  character,  has  been 
rarely  paralleled  in  the  history  of  physics. 

Our  admiration  for  his  scholarship  and  for  his  generous  chiv- 
alric  nature  is  united  with  a  keen  sense  of  loss  to  science  and  a 
warm  sympathy  for  his  brilliant  and  loyal  comrade. 

On  the  fifth  of  July  last,  Germany  and  the  rest  of  the  world 
suffered  a  deplorable  and  inexplicable  loss  in  the  death  of  Pro- 
fessor Paul  Drude.  Brilliant  and  numerous  as  his  achieve- 
ments were,  it  is  difficult  to  believe  that  his  work  was  more  than 
half  done.  Perhaps  no  better  illustration  of  his  genius  can  be 
found  than  in  the  beautiful  manner  in  which  he  has  quanti- 
tatively connected  the  subjects  of  thermal  and  electric  conduc- 
tions, on  the  basis  of  the  electron  theory ;  while  his  two  splendid 
volumes  have  rendered  all  students  of  physics  his  debtors. 

The  death  of  Boltzmann,  two  months  later,  was  an  equally 
great  mvstery.  The  most  valuable  work  of  this  remarkable 
and  somewhat  bizarre  character  undoubtedly  lies  in  the  field  of 
the  kinetic  theory  of  gases. 

His  treatise  on  this  subject  constitutes  for  me — I  confess  it 
freelv,  but  sadly — a  sealed  volume.  Were  I  to  attempt  to  con- 
vey to  you  any  idea  of  its  importance  I  should  feel,  only  in  a 
much  truer  sense,  what  Boltzmann  himself  expresses  in  the 
preface  of  his  wonderfully  lucid  exposition  of  INIaxwell's  electro- 
magnetic theory,  when    he  quotes  from    "Faust.'" 

"So  soil  ich  denn  mit  saurem  Schweiss, 
Euch  lehren  was  ich  selbst  nicht  weiss." 

Boltzmann 's  two  visits  to  America,  one  in  1898  and  one  in 
1904,  were  full  of  interest  for  many  of  the  members  of  this  sec- 
tion. vSuffice  it  to  say  that  some  of  his  colleagues  have  ex- 
pressed the  opinion  that  since  the  death  of  Helmholtz,  Boltz- 
mann has  been  the  leading  physicist  of  Germany.  j 

I  beg  now  to  call  your  attention  to  a  matter  which  seems  to 
me  somewhat  intimately  connected  with  spectroscopic  progress. 
And  one  can  perhaps  do  this  most  simply  by  first  offering  a 
definition  of  spectroscopy;  secondly,  stating  what  may  be  con- 
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sidered  the  fundamental  facts  of  the  science ;  and,  thirdly,  con- 
sidering to  what  extent  these  facts — for  one  hesitates  even  yet 
to  call  them  "principles " — are  explained  by  any  general  theory 
of  the  subject. 

Any  explanation  of  light  which  is  general  and  satisfactory 
mav  be  said  to  include  at  least  two  chapters,  namely,  one  which 
shall  explain  the  transmission  of  radiation  and  another  which 
shall  treat  of  the  origin  or  production  of  radiation.  The  first 
chapter  treats  of  the  electromagnetic  ether;  the  second  treats 
of  matter  which  is  at  once  "the  source  and  recipient  of  radi- 
ation." 

It  was  in  the  autumn  of  1888  that  the  experiments  of  Hertz 
in  a  certain  sense  closed  the  chapter  on  the  transmission  of  light, 
a  large  part  of  which  had  been  written  by  Maxwell  in  1864. 
Since  then,  the  second  portion  of  the  theory — that  dealing  with 
the  radiant  atom — has  assumed  larger  importance.  Any  treat- 
ment of  the  production  of  radiation  falls  more  or  less  naturally 
into  three  parts,  namely,  (i)  the  radiation  of  solid  and  liquid 
bodies  which  is  almost,  but  not  quite,  independent  of  atomic 
structure;  (2)  the  radiation  which  takes  its  rise  in  radioactive 
substances  and  which  is  apparently  dependent  upon  atomic 
collapse ;  and  (3)  the  radiation  of  gaseous  substances,  dependent 
almost  entirely  upon  normal  atomic  structure,  and  possibly  also 
upon  the  mode  of  excitation. 

The  subject  to  which  your  consideration  is  invited  has  to  deal 
only  with  radiation  of  this  third  class.  Radiation  which  in 
terms  of  the  electron  theory  is  said  to  be  due  not  to  abrupt  or 
discontinuous  acceleration  but  to  periodic  acceleration. 

DEFINITION    OF    SPECTROSCOPY. 

The  science  of  spectrum  analysis  which  was  born,  one  might 
almost  say,  in  Bunsen's  laboratory  in  1859,  developed  within  a 
period  of  four  or  five  years  into  a  science  of  a  totally  different 
character,  a  science  which  enabled  Kirchhoff  at  once  to  study 
the  physical  structure  as  well  as  the  chemical  constitution  of  the 
sun,  a  science  which  permitted  Huggins  as  early  as  1864  to  dis- 
tinguish between  star  clusters  and  nebulae,  a  science  much  wider 
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than  spectrum  analysis,  a  branch  of  learning  which  we  now  call 
spectroscopy.  Briefly  defined,  it  is  that  science  which  has  for 
its  object  the  general  description  of  radiation,  including  the  pro- 
duction of  radiation,  the  analysis  of  radiation,  the  registration 
of  radiation,  and  the  measurement  of  radiation. 

The  theory  of  separating,  recording  and  comparing  radiation 
is  by  no  means  simple  or  complete.  That  these  last  three  opera- 
tions demand  in  practice  the  highest  degree  of  skill  is  exemplified 
by  the  work  of  Rayleigh,  Rowland,  Michelson,  Perot  and  Fabry 
and  Hale. 

There  is,  however,  a  certain  very  true  sense  in  which  these  last 
three  processes  are  merelv  preparatory  to  a  more  profound 
study  of  the  first,  namely,  the  production  of  radiation.  From 
this  point  of  view,  spectroscopy  hinges  upon  the  radiant  atom 
— if  there  be  an  atom — and  may  be  defined  imperfectly  and 
narrowly  perhaps  as  the  science  of  the  radiant  atom. 

More  than  one  brilliant  and  partially  successful  attempt  has 
been  made  within  the  last  quarter  century  to  establish  an  ade- 
quate foundation  for  this  science  by  devising  what  may  be 
called  a  satisfactory  atom.  But  before  considering  any  of 
these  attempts  it  may  be  w^ell  to  state  brieflv  what  seem  to  be 
the  criteria  by  which  any  such  foundation  is  to  be  judged. 

Perhaps  it  may  be  fair  to  consider  that  atom  as  most  com- 
petent which  will  explain  satisfactorily  the  largest  number  of 
the  following  nine  facts. 

CRITERIA. 

1.  The  fact  that  spectral  lines  are  in  general  approximately 
sharp. 

2.  The  fact  that  spectral  lines  are  never  perfectly  sharp,  but 
always  have  a  finite  physical  width. 

3.  The  fact  that  certain  spectral  lines  are  arranged  in  series 
and  bands  after  the  manner  described  so  perfectly  by  Palmer's 
equation  and  its  generalized  forms. 

4.  The  fact  that  increase  of  pressure  causes  a  shift  of  spectral 
lines  toward  the  red  as  discovered  by  Humphreys  and  Mohler. 

5.  The  fact  that  a  magnetic  field  will  transform  single  lines 
into  multiple  polarized  lines  as  discovered  by  Zeeman. 
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6.  We  come  now  to  a  group  of  phenomena  which  are  not  easily 
described  under  a  single  caption.  I  refer  to  phenomena  such 
as  those  observed  by  Plucker  and  Hittorf,  when  they  found  one 
and  the  same  gas  in  one  and  the  same  tube  yielding  very  differ- 
ent spectra  according  to  the  mode  in  which  the  electric  discharge 
was  applied  to  make  the  gas  luminous.  In  the  same  category 
doubtless  belongs  the  extinction  of  air  lines  by  the  insertion  of 
self-induction  into  the  discharge  circuit.  Here  may  belong  also 
the  fact  studied  by  Lenard  and  others  that  the  region  near  the 
electrode  of  an  arc  gives  a  spectrum  different  from  the  region 
nearthecenter  of  the  arc;  the  fact  also  that  the  so-called  "spark 
lines"  are  introduced  into  an  arc  by  reducing  the  current  to 
small  values,  a  fact  first  studied  by  Hartmann. 

And  certainly  in  this  same  category  belongs  thejact  that  the 
spectrum  of  an  arc  is  modified  when  the  arc  is  surrounded  by 
an  atmosphere  different  from  ordinary  air. 

Here  also  lie  the  profound  differences  between  arc  and  spark 
spectra  of  the  same  element. 

Notwithstanding  the  fact  that  "multiple  spectra"  is  a  term 
which  has  hitherto  been  employed  to  describe  the  Plucker  tube 
variations,  I  propose  that  we  generalize  it  and  use  it  to  describe 
this  entire  group  of  facts.  Since  the  name  is  so  appropriate, 
let  us  call  the  sixth  fundamental  phenomenon  that  of  "multiple 
spectra." 

7.  Any  competent  atom  must  allow  us  to  infer  the  relations 
which  have  been  proved  to  exist  between  spectral  phenomena 
and  atomic  weights. 

8.  The  phenomena  of  line  reversals  and  absorption  bands. 

9.  The  fact  that  heat  alone,  at  least  within  the  range  of  our 
highest  artificial  temperatures,  produces  characteristic  spectra 
in  only  a  few  rare  instances. 

These,  briefly,  are  the  parLs  of  the  spectroscopic  superstruc- 
ture for  which  a  foundation  is  sought.  These  are  the  various 
parts  which  it  is  hoped  will,  some  day,  be  cemented  together, 
by  a  simple  and  general  theory,  into  a  harmonious  structure. 

But  there  is  a  final  criterion,  even  more  fundamental  than 
any  of  those  which  have  been  mentioned,  that  such  a  theory 
must  satisfy,  namely,  this  hypothetical  radiant  atom  must  not 
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in  its  behavior,  except  as  a  very  last  resort,  contradict  any  of 
the  estabHshed  principles  of  physical  science,  be  they  mechan- 
ical, electrical  or  chemical. 

The  principle  of  the  conservation  of  energy  must  be  satisfied 
even  if  it  is  necessary  to  assign  an  undreamed-of  amount  of 
energy  to  each  atom;  in  like  manner  Newton's  third  law  is  to 
be  satisfied,  even  if  the  electromagnetic  ether  is  called  upon 
to  furnish  the  reaction. 

But  even  with  this  added  criterion,  the  preceding  list  of  nine 
phenomena  is  confessedly  incomplete ;  the  only  object  of  such 
a  catalogue  is  to  include  those  typical  fundamental  facts  which 
ought,  apparently,  to  follow  as  immediate  consequences  from 
the  structure  of  the  radiating  body,  so  soon  as  that  structure  is 
correctly  guessed.  Thus  Doppler's  principle  is  omitted  on  the 
ground  of  its  being  rather  a  kinematic  law,  governing  periodic 
disturbances  in  any  medium,  than  a  dynamical  fact  to  be  ex- 
plained in  terms  of  atomic  structure  and  forces. 

THE    SATURXIAX    ATOM. 

Having  established  a  set  of  criteria  by  which  we  may  estimate 
the  fitness  of  a  radiant  atom,  it  would  be  interesting,  if  I  were 
competent,  and  if  time  permitted,  to  pass  in  review  some  of  the 
various  atoms  which  have  been  proposed  in  recent  times ;  such 
as  that  of  Kelvin,  1884,  or  those  suggested  by  the  Hertzian 
oscillator. 

But  neither  of  these  two  conditions  is  fulfilled,  and  I  propose, 
therefore,  to  consider  only  one  atom,  namely,  the  one  which  by 
common  consent,  I  think  I  may  safely  say,  comes  more  nearly 
satisfying  the  demands  of  experimental  fact  than  any  other 
ever  devised.  I  refer  to  the  atom  first  proposed  in  a  general 
way  by  Lord  Kelvin  in  his  paper  entitled  "Epinus  Atomized,"* 
and  afterwards  profoundly  modified  by  Lorentz,  Thomson  and 
Larmor. 

So  much  work  along  this  line  has  been  done  in  the  Cavendish 
Laboratory  that  one  feels  impelled  to  call  this  "the  Cambridge 
atom;"  in  view,  however,  of  its  structure,  perhaps  "the  vSatur- 
nian  atom"  is  a  more  appropriate  designation. 

♦Baltimore  Lectures,  p.  541  (Cambridge,  1904). 


IIEXRV    CRKW.  389 

Now  as  to  the  proper  conception  of  the  normal  Satumian 
atom — I  am  not  certain  that  I  know  what  this  is,  but  my  mental 
picture  of  it  is  somewhat  like  the  following : 

1.  Conceive  a  single  negatively  charged  electron — whatever 
that  may  be — placed  inside  a  mass  of  positive  electrification — 
whatever  that  may  be.  On  the  basis  of  the  Zeeman  effect,  we 
may  imagine  this  electron  to  be  revolving  about  the  center  of 
the  positive  charge;  and  we  may  assume  its  rate  of  revolution 
such  that  it  is  in  equilibrium  under  the  first -power-of-the- 
distance  law. 

But  even  if  we  did  not  have  the  Zeeman  effect  to  suggest  rota- 
tion we  should  be  compelled,  as  Jeans*  has  shown,  to  introduce 
rotation,  on  the  basis  of  Eamshaw's  theorem,  to  secure  stability. 
Any  acceleration  of  this  electron  which  is  periodic  will  produce 
a  periodic  radiation  of  energy.  Precisely  such  an  acceleration  is 
here  present  in  the  familiar  rw'^  centrifugal  acceleration  which 
is  periodic  when  we  consider  radiation  along  any  one  fixed 
direction.  The  frequency  of  this  acceleration  determines  that 
of  the  radiation  just  mentioned.  The  electromagnetic  effect 
is  roughly  that  of  an  alternating  displacement  current. 

2.  Let  us  next  suppose  that  instead  of  a  single  corpuscle  we 
have  a  large  number  distributed  throughout  the  same  orbit. 
Their  radiation  is  now  almost  nil,  the  vector  sum  of  the  accele- 
rations being  zero  and  the  electro-magnetic  effect  being  roughly 
that  of  a  steady  current. 

If  the  ring  does  not  contain  so  many  of  these  self-repellent 
corpuscles  as  to  become  unstable  we  have  a  simple  type  of  a 
non-luminous  and,  during  stability,  non-radioactive  element. 

Imagine  now  that  these  electrons  are  the  same  for  all  elements, 
then  one  element  differs  from  another  mainly  in  the  number, 
disposition  and  character  of  the  rings  which  surround  the  central 
attracting  charge,  the  number  of  corpuscles  being  "of  the  same 
order  as  the  atomic  weight." t 

Such  is  a  rough  sketch  of  the  normal  Satumian  atom.  The 
beautiful  manner  in  which  this  structure  permitted  J.  J.  Thom- 
son to  infer  the  same  periodicity  in  electro-chemical  properties 

*Jeans,  Phil.  Mag.,  2,  425,  1901. 

tj.  J.  Thomson,  Phil.  Mag.,  11,  774,  1906. 
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as  that  contained  in  Mendelejeff's  table  is  already  familiar  to 
you.  But  for  the  present  inquiry  this  exquisite  achievement  of 
Thomson's  is  merely  an  "aside."  So  also  is  Drude's  elegant 
connection  of  electrical  and  thermal  conductivities  in  metals. 
Likewise  his  explanation  of  the  Hall  effect. 

We  come  now  to  the  question  which  is  fundamental  to  all 
spectroscopic  theory,  namely,  under  what  conditions  does  a  gas 
atom  become  radiant? 

This  question  :nay  be  asked  and  answered  in  two  different 
senses : 

First,  one  may  inquire  as  to  the  laboratory  condidons  neces- 
sary to  produce  luminosity  in  a  gas;  the  corresponding  answer 
is  threefold:  either  a  high  temperature,  thus  obtaining,  in  some 
rare  cases,  a  heat  spectrum,  or  secondly,  a  rapid  chemical 
change  as  in  flames,  or  thirdly,  an  electric  field  as  in  the  arc, 
spark  and  vacuum  discharge. 

Again,  one  mav  ask  what  is  the  difference  between  the  in- 
ternal conditions  of  a  radiant  and  non-radiant  atom.  So  far  as 
I  am  aware,  this  latter  query  has  never  received  an  answer 
which  is  definite  or  based  upon  indisputable  experimental  evi- 
dence. However,  the  Zeeman  eflfect  points  to  rotation  in  the 
luminous  source  and  suggests  the  revolving  electron  as  the  light- 
giving  body ;  but  it  is  difficult  to  see  how  one  electron  could  give 
rise  to  more  than  one  line  in  the  spectrum.  Not  only  so,  but, 
since  the  electrons  are  the  same  for  all  elements,  it  is  clear  that 
the  electrons  alone  can  not  emit  characteristic  spectra,  the 
"sign-manual  of  the  elements."  Riecke  and  Stark*  have  fur- 
nished us  excellent  experimental  reasons,  by  obser\dng  the 
motion  of  luminous  lithium  vapor  towards  the  cathode,  for 
thinking  that  the  radiant  source  is  the  positive  ion ;  this,  it  will 
be  noted,  is  not  at  all  inconsistent  with  the  evidence  of  the  Zee- 
man  eflfect,  since  the  positive  ion  carries  with  it  probably  a  large 
number  of  negative  electrons,  being  itself  merely  a  neutral  atom 
minus  one  or  more  negatively  charged  corpuscles. 

Thomson  has  recently  presented  three  different  lines  of  argu- 
ment for  thinking  that  the  number  of  corpuscles  in  the  atom  is 
of  the  same  order  as  its  tisual  atomic  weight,  i.  c,  in  terms  of  hy- 

*  Riecke  &  Stark,  Physik.  Zeitsch.,  5,  537,  1904 
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drogen  as  unity.  But  most  elements  emit  a  number  of  spectral 
lines  which  is  enormously  greater  than  their  respective  atomic 
weights. 

Thomson  is,  therefore,  driven  to  conclude  that  "when  an  atom 
of  an  element  is  giving  out  its  spectrum  either  in  a  flame  or  in 
an  electric  discharge,  it  is  surrounded  by  a  swarm  of  corpuscles; 
and  combinations  not  permanent,  indeed,  but  lasting  sufficiently 
long  for  the  emission  of  a  large  number  of  vibrations,  might  be 
expected  to  be  formed.  These  systems  would  give  out  charac- 
teristic spectrum  lines ;  but  these  lines  would  be  due  not  to  the 
vibrations  of  the  corpuscles  inside  the  atom,  but  of  corpuscles 
vibrating  in  the  field  of  force  outside  the  atom."*  The  imme- 
diate cause  of  luminosity  would  be  the  bombardment  of  this 
S3'stem  by  free  corpuscles,  or  in  the  case  of  flam.es  the  disturbing 
cause  would  presumably  be  molecular  collapse. 

At  another  time  and  place  Thompson  fortifies  his  view  as  to 
the  complexity  of  the  radiating  atom,  by  citing  the  discovery  of 
Lenard,  that  the  speed  with  which  the  corpuscles  are  expelled 
from  the  atom  by  ultra-violet  light  does  not  depend  upon  the 
intensity  of  the  incident  ultra-violet  light;  thus  indicating  the 
necessity  of  at  least  two  independent  vibrating  systems  within 
the  radiant  atom. 

I  am  not  clear  as  to  the  proper  interpretation  of  the  measure- 
ments which  have  been  made  by  Starkf  upon  the  Doppler  effect 
in  hydrogen  canal  rays;  but  in  any  event  they  would  seem  to 
prove  that  the  luminous  source  in  the  vacuum,  tube  is  not  the 
simple  corpuscle  of  the  cathode  rays,  but  the  more  complex, 
positive  ion  (not  necessarily  the  positive  charge)  of  the  canal 
rays.  While  the  experiments  of  HullJ  during  the  past  year 
combined  with  that  of  Schuster  and  Hemsalech  point  to  a  lumi- 
nous source  of  such  size  and  complexity  that  a  condition  of  lumi- 
nosity may  be  "propagated  along"  it. 

The  upshot  of  the  whole  matter,  then,  is  that  we  are  landed 
with  a  picture  of  the  radiant  atom  which  is  complex  quite  be- 
yond description.     One  is  reminded,  indeed,  of  the  words  which 

*Thomson,  Phil.  Mag.  11,  774,  1906. 

t  Stark,  Attn.  d.  Physik.,  21,  401,  1906. 

J  Hull,  Proc.  Roy.  Soc,  A.,  521,  p.  80,  1906. 
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Marie  Corelli  puts  in  the  mouth  of  Lionel,  the  youthful  hero  of 
her  "Mighty Atom.''  "Oh,  dear  Atom!"  says  he,  "you  must  be 
very  much  more  than  I  have  been  taught  to  believe  you  are." 

Let  us,  however,  accept  the  structure  as  we  have  received  it, 
and,  with  apologies  for  any  feature  of  it  which  has  not  been  cor- 
rectly represented  to  you,  let  us  now  ask  ourselves  how  well  it 
can  serve  as  a  foundation  for  our  spectroscopic  edifice. 

APPLICATION    OF   CRITERIA. 

We  may  make  this  test  most  easily  perhaps  by  asking  how 
this  atom  will  account  for  the  nine  fundamental  phenomena 
mentioned  above,  and — 

I.  Does  this  Saturnian  system  give  sharp  lines?  Can  one 
predict  from  its  structure  that  its  radiation  will  be  concentrated 
in  a  few  definite  positions  in  the  scale  of  wave  lengths?  I  think 
it  must  be  admitted  frankly  that,  in  the  picture  of  the  atom  as 
given  us,  there  is  nothing  which  determines  the  rate  of  rotation 
of  the  corpuscle  in  its  orbit,  and  nothing,  therefore,  which  gives 
the  same  periodicity  of  radiation  for  all  atoms  of  any  one  element. 

This  difficulty  has  been  stated  in  a  very  forcible  manner  by 
Professor  Jeans,  and  again  by  Lord  Rayleigh.  Each  of  them 
has  proposed  a  method  of  getting  around  the  difhculty,  one*  by 
introducing  a  law  of  electrical  action  different  from  the  simple 
law  of  inverse  squares,  the  otherf  by  introducing  mobile  nega- 
tive particles,  which  do  not  revolve,  but  which  vibrate  about 
their  positions  of  equilibrium  located  in  a  rigid  positive  charge. 

But  the  adoption  of  either  of  these  suggestions  would  com- 
pletely change  the  entire  character  of  the  atom.  It  may  be 
that  we  shall  later  be  driven  into  the  corner  and  be  compelled  to 
accept  some  such  mode  of  escape.  But  at  present  these  devices 
impress  one  as  highly  artificial,  and  too  inconsistent  with  other 
facts  to  warrant  adoption. 

The  crux  of  the  situation  seems  to  be  just  here,  if  one  assumes 
that  the  frequency  of  the  radiation  is  identical  with  the  rate  of 
revolution  of  the  corpuscles,  he  can  not  expect  sharp  lines  in  the 

*  Jeans,  Phil.  Mag.,  II,  607,  1906. 
t  Rayleigh,  Phil.  Mag.,  11,  118,  1906. 
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spectrum.  If,  on  the  other  hand,  one  assumes  that  hght  is  due 
to  the  internal  vibrations  of  the  corpuscles,  then  not  only  does 
be  fail  to  predict  the  Zeeman  effect,  but  he  is  forced  to  conclude 
that  since  the  corpuscles  appear  to  be  the  same  for  all  elements, 
the  spectra  of  all  elements  should  be  identical.  To  derive  the 
Zeeman  effect  from  a  rectilinear  vibration  bv  substituting  for  it 
two  circular  vibrations  would  seem  to  employ  a  purely  kine- 
matic device  instead  of  offering  a  physical  explanation.  Nor 
is  this  all :  The  value  of  c/m  obtained  from  the  Zeeman  effect 
is,  if  not  correct,  at  least  in  beautiful  accord  with  values  deter- 
mined in  a  variety  of  other  ways. 

Summarizing,  one  might  say  that  the  adoption  of  the  Satur- 
nian  atom  would  compel  us  either  to  give  up  the  Zeeman  effect, 
or  to  give  up  sharp  lines  in  the  spectrum.  On  the  other  hand,  I 
am  not  aware  that  it  has  ever  been  shown  that  even  in  a  gas- 
spectrum  the  region  between  any  two  lines  is  entirely  free  from 
radiation.  Is  there  any  spectrograph  so  free  from  diffused  light 
as  to  make  an  experimental  answer  to  this  question  anything 
other  than  a  more  or  less  rough  approximation?  But  even  if 
every  spectrum  is,  to  some  slight  extent,  continuous,  the  fact 
remains  that  spectral  lines  are  essentially  sharp. 

2.  Passing  now  to  the  second  fundamental  fact,  which  is  that 
spectral  lines  are  not  perfectly  sharp,  but  (within  limits  not  yet 
resolved  by  any  grating)  possess  a  complicated  structure.  Pro- 
fessor Michelson*  and  Lord  Rayleighf  have  shown  that  in  the 
case  of  a  gas  at  low  pressure  the  chief,  if  not  the  only,  cause  of 
widened  lines  is  motion  in  the  line  of  sight,  an  eft'ect  which  de- 
pends as  much  upon  pressure  and  temperature  as  upon  atomic 
structure.  But  when  it  comes  to  the  asymmetric  distribution 
of  intensity  within  these  narrow  lines,  i.  c,  a  linear  structure 
such  as  has  been  revealed  to  us  especially  by  the  interferometer 
in  the  hands  of  Michelson,  an  eft'ect  which  would  appear  to  be  a 
function  solely  of  atomic  structure,  then  the  chances  of  explana- 
tion in  terms  of  the  Satumian  atom  appear  even  more  remote 
than  in  the  case  of  perfectly  sharp  lines. 

3.  The  next  query  to  be  presented  to  the  Satumian  atom  is 

*Astroph.  Jour.,  2,  251,  1895. 
■fPhil.  Mag.,  April,  1889. 
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what  explanation  can  be  oflfered  for  the  fact  that  very  many 
lines  in  the  spectra  of  the  elements  are  arranged  in  series  such 
that  the  wave  lengths  of  any  one  series  are  functions  of  only  two 
constants  and  the  successive  whole  numbers. 

So  far  as  I  am  aware,  no  answer  which  is  even  approximately 
satisfactory  has  ever  been  offered  in  reply  to  this  question.  The 
fundamental  difhculty  here  has  been  shown  by  Lord  Rayleigh 
to  lie  in  our  measure  of  force,  so  to  speak;  in  the  fact  that  force 
is  a  second  derivative  of  displacement  with  respect  to  time. 
Describe  any  dynamical  system  you  please  in  terms  of  a  differ- 
ential equation ;  integrate  it  under  conditions  which  yield  a  peri- 
odic solution;  solve  for  the  frequency,  and  you  will  find  its 
value  always  entering  to  the  second  power. 

But  the  difficulty  under  which  the  Cambridge  atom  here  suf- 
fers is  not  peculiar  to  it  alone. 

Ritz,*  in  a  doctor's  dissertation  of  extraordinary  merit, 
offered  at  Gottingen,  has  succeeded  in  devising  a  formula  which 
contains  fewer  constants  than  that  of  Kayser  and  Runge,  yet 
represents  the  observed  wave  lengths  with  a  distinctly  higher 
accuracy.  And  it  might,  at  first  glance,  appear  that  we  have 
here  a  truly  d}Tiamical  explanation  of  the  series  phenomenon. 
But  on  closer  inspection  one  finds  that  the  fundamental  picture 
— the  mechanism,  if  you  please — from  which  Ritz  derives  his 
differential  equation  is  one  having  properties  which  are  purely 
hypothetical  and,  in  nature  as  we  know  it  ona  largerscale,  quite 
impossible. 

His  vibrating  body  is  a  square  (sometimes  a  plate,  sometimes 
a  membrane)  whose  behavior  he  studies  under  different  boun- 
dary conditions.  But  it  has  this  remarkable  property :  that  the 
effect  of  any  one  element  of  the  membrane  upon  any  other 
element  is  not  merely  a  function  of  the  distance  separating  the 
elements,  but  varies  directly  as  this  distance.  A  device  so  arti- 
ficial could  at  most  be  called  quasi-kinematical  or  purely  mathe- 
matical. However,  in  each  of  the  particular  cases  which  he 
has  integrated  the  frequency  expression  turns  out  to  be  practi- 
cally identical  with  Rydberg's  formula.  The  only  dynamical 
justification  for  the  entire  proceeding  appears  to  lie  in  the  fact 

*Ritz,  Ann.  dcr  Pliysik.,  12,  264-310,  1906. 
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that  he  has  chosen  a  two-dimensional  body  to  yield  a  double 
infinite  number  of  spectral  lines. 

Garbasso*  has  made  an  interesting  attempt  to  obtain  the 
Kayscr  and  Runge  series  from  certain  combinations  of  Hertzian 
oscillators.  And  his  solutions  have  this  special  merit,  namely, 
they  all  refer  to  physically  realizable  models.  But  the  number 
of  frequencies  which  he  has  computed  is  too  small  to  furnish  even 
an  approximate  test  as  to  whether  they  satisfy  the  law  of  Kayser 
and  Runge,  much  less  do  they  point  out  a  general  dynamical 
system  from  which  the  law  of  the  series  may  be  derived. 

In  spite  of  the  fact  that  no  satisfactory  explanation  has  been 
obtained,  one  can  hardly  avoid  the  conclusion  that  Rydberg's 
formula  is  something  more  than  a  convenient  expression  for 
interpolation.  The  fact  that  his  second  constant,  A''q,  is  the  same 
for  all  elements,  while  another  has  a  characteristic  value  for 
each  particular  element,  and  that  a  third  constant  locates  the 
particular  series  in  anyone  element,  would  seem  to  indicate  that 
these  three  quantities  are  in  some  sense  parameters  of  matter. 
Yet  I  am  aware  that  this  view  is  a  mere  suspicion  and  is  not  at 
present  capable  of  proof. 

When  other  types  of  spectra,  such  as  that  of  iron,  are  brought 
under  the  "reign  of  law''  we  may  find  a  simpler  view;  or  what 
is  more  likely,  we  may  feel,  with  Professor  Runge,  that  "nature 
is  getting  more  and  more  disorderly  every  day." 

4.  Passing  now  to  the  pressure  shift,  we  owe  to  Dr.  Hum- 
phreys, one  of  the  discoverers  of  the  phenomenon,  a  clear  ex- 
planation in  terms  of  the  Satumian  atom. 

He  points  out  first  of  all  that  an  atom  built  on  the  model  indi- 
cated, with  quantitative  specifications  such  as  these  given,  by 
experiment,  will  exert  an  enormously  powerful  field  at  points 
near  its  center.  And  since  the  convection  currents  here  exist- 
ing are  practically  equivalent  to  Amperian  currents  in  circuits 
devoid  of  resistance,  it  is  clear  that  any  currents  induced  in 
these  atoms  by  attempting  to  thrust  through  them  more  or  fewer 
lines  of  force  than  they  now  contain  will  be  permanent  and, 
therefore,  unlike  the  induced  currents  in  the  wire  circuits  of 
our  laboratories. 

*  Garbasso,  "  Theoretische  Spectroskopie,"  pp.  130  and  180,  1906. 
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But  an  increase  of  current  in  such  an  atom  means  an  increase 
of  speed  in  the  corpuscles,  and  this  in  turn  means  presumably 
an  increase  of  frequency.  From  this  it  follows  that,  if  by  any 
meanstwo  atomsare  brought  closer  together  there  will  in  general 
be  a  change  of  frequency  and  one  may  expect  this  change  to  be 
sometimes  an  increase  and  sometimes  a  decrease ;  that  is  to  say, 
two  atoms  which  are  made  to  approach  by  pressure,  and  which 
we  may  imagine  as  strong  on  a  common  axis,  will  sometimes  be 
rotating  in  the  same  sense  and  sometimes  in  the  opposite  sense. 
The  increase  and  decrease  of  frequency  thus  secured  by  pres- 
sure will  have  the  effect  of  widening  the  line.  The  plausibility 
of  this  argument  is  much  enhanced  by  the  enormous  strength  of 
the  magnetic  field  in  the  neighborhood  of  one  of  the  magnetic 
atoms;  in  the  case  of  the  iron  atom  amounting  to  as  much  as 
150,000  C.G.S.  units  at  a  distance  of  ten  radii  from  the  center 
and,  of  course,  a  thousand  times  greater  than  this  at  the  center. 
So  much  for  the  widening  due  to  pressure. 

But  Dr.  Humphreys  has  also  very  cleverly  suggested  that 
this  widening  will  not  be  symmetrical  about  the  original  position 
of  the  line,  but  about  a  new  position  on  the  red  side  of  the  old. 
For  when  two  atoms  happen  to  be  rotating  in  the  same  direction 
they  will  attract  each  other  and  then  get  "into  the  stronger  por- 
tion of  each  other's  magnetic  field."*  In  other  words,  those 
effects  which  result  in  lengthening  the  waves  will  be  much  more 
marked  than  those  which  shorten  the  waves.  Hence  increase 
of  pressure  will  be  accompanied  by  shift  towards  the  red.  It 
would  be  exceedingly  interesting  to  know  what  difference  of 
structure  exists  between  the  radiant  sources  of  lines  and  of 
bands  which  causes  this  explanation  to  break  down  when  ap- 
plied to  the  latter. 

5.  Passing  now  to  the  effect  of  a  magnetic  field,  an  experi- 
mental fact  which  largely  established,  although  it  did  not  sug- 
gest, Lorentz's  conception  of  the  electron  vibrating  about  an 
attracting  center,  it  is  at  once  evident  that  the  Zeeman  phe- 
nomenon must  follow  as  a  deduction  from  the  Saturnian  atom. 

But  Preston  and  Runge  and  Paschen  have  shown  that  the 
normal  triplet  is  by  no  means  an  ordinary  occurrence;  on  the 

*Humplireys,  Astrop.  Jour.,  23,  243,  1906. 
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other  hand  the  breaking  up  is  very  mueh  more  eonipUcated,  a 
single  line  yielding  anywhere  from  3  to  14  components.* 

Beautiful  as  the  general  agreement  between  fact  and  theory 
here  is,  one  finds  it  peculiarly  difficult  to  understand  how  the 
central  line  of  the  normal  triplet — the  one  due  to  the  component 
of  motion  along  the  lines  of  force — can  be  split  up  at  all  by  the 
magnetic  field.  But  since,  as  a  matter  of  fact,  this  component 
is  split  up,  it  is  only  fair  warning  that  the  forces  here  involved 
are  possibly  not  to  be  limited  to  those  of  purely  electrical  origin  ; 
but  it  is  not  obvious  what  experiment  can  be  devised  to  answer 
these  questions. 

6.  Passing  next  to  that  somewhat  motley  group  of  phenom- 
ena which  we  have  classed  under  the  head  of  Multiple  Spectra, 
I  am  not  certain  that  there  is  a  single  fact  in  the  entire  group 
that  can  be  predicted  from  the  structure  of  the  atom  which  has 
been  assumed. 

In  his  Royal  Institution  lecturef  of  this  year,  J.  J.  Thomson 
has  suggested  an  atom  with  certain  capacities  for  receiving  and 
spending  energy,  and  has  described  this  atom  by  simple  differ- 
ential equations,  involving  certain  atomic  constants;  but  the 
connection  between  these  constants  and  the  Saturnian  atom 
is  by  no  means  clear. 

So  that  while  he  accomplishes  the  explanation  of  the  phe- 
nomena for  which  this  new  atom  is  introduced,  the  explanation 
can  hardly  be  said  to  hinge  upon  the  atomic  structure,  which 
has  so  highly  recommended  itself  in  other  directions. 

At  present,  we  seem  to  be  justified  in  going  little  farther  than 
to  say  that  rapidity  of  change  of  electric  field  seems  to  be  a  (not 
t}2c)  determining  factor  in  nearly  every  case.  The  main  differ- 
ence between  the  arc  and  the  spark  appears  to  be  confined  to 
the  earlier  stages  of  the  spark.  The  oscillograph  shows  that 
spark  lines  are  introduced  into  the  metallic  arc  when  the  break 
is  quickened;  the  interruption  of  an  intermittent  arc  is  very 
much  hastened  by  a  hydrogen  atmosphere ;  and  one  might 
think  that,  therefore,  the  action  of  hydrogen  in  introducing  the 
spark  lines   is  completely  accounted  for,  and  perhaps  justly  so, 

*Runge  &  Paschen,  Abh.  Ber.  Akad.,  February  6,  1902. 
t  Thomson,  Chemical  News,  94,  197,  1906. 
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if  it  had  not  been  discovered  by  Hale,  Adams  and  Gale*  that  an 
arc  fed  by  a  small  steady  current  and  surrounded  by  hydrogen 
also  yields  spark  lines.  But  this  calls  for  an  examination  of  the 
steady  (?)  current  bv  means  of  the  oscillograph. 

The  eflfect  of  a  very  minute  current  in  introducing  spark  lines 
probablv  also  rests  upon  the  greater  rapidity  with  which  the 
small  current  is  interrupted.  The  efTect  of  self-induction  is 
to  retard  the  break,  and  hence  obviously  to  obliterate  spark 
lines.  The  effect  of  a  parallel  capacity  is,  of  course,  to  increase 
the  speed  of  break.  The  spark  lines  obtained  in  arc  under 
water  are  apparently  special  cases  of  the  effect  of  a  hydrogen 
atmosphere  and  a  consequent  rapidity  of  break. 

A  most  valuable  research  at  the  present  time  would  be  one 
which  would  determine  whether  for  a  "quickness  of  break"  as  a 
unifying  principle  we  should  substitute  "rate  at  which  energy 
is  delivered"  or,  as  Thomson  suggests,  "rate  at  which  energy 
is  delivered  cojnbined  with  rate  at  which  energy  is  spent." 

Until  more  definite  information  upon  this  point  is  obtained, 
it  remains  almost  impossible  to  say  how  the  Satumian  atom 
must  be  modified  in  order  to  explain  multiple  spectra. 

7.  As  to  the  relation  between  spectral  phenomena  and  atomic 
masses,  we  must,  I  think,  all  feel  the  most  hearty  admiration 
for  the  manner  in  which  Professor  J.J.  Thomson  has  succeeded 
in  picturing  the  periodic  law  as  an  almost  immediate  conse- 
sequence  of  the  atomic  structure  which  he  has  proposed.  The 
way  in  which  the  normal  atom,  by  the  addition  of  a  few  sub- 
atoms,  becomes  electro-positive  or  electro-negative  is  especially 
attractive.  The  achievements  of  Runge  and  Prechtf  in  closely 
approximating,  if  not  accurately  determining,  the  atomic  mass 
of  radium  is  equally  striking.  Rydberg|  has  pointed  out  that 
certain  spectroscopic  properties  of  the  elements  recur  with  ex- 
actly the  same  periodicity  as  that  discovered  by  Mendelejeff. 

But  it  is  important  to  observ^e  that  in  none  of  these  laws  is 
the  question  of  atomic  structure  involved,  but  only  that  of  atomic 
mass.     Not  a  single  one  of  these  phenomena  has  been  predicted 

*Hale,  Adams  and  Gale,  Astroph.  Jour.,  24,  213,  1906. 
tRun^e  &  Precht,  Physikal  Zeitschrift,  4,  285-287,  1903. 
JRydberg,  "Rapports  Congres  de  Physique"  (Paris),  II.,  217. 
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from  previous  notions  concerning  the  atom,  and  indeed  all  our 
views  concerning  the  Saturnian  atom,  with  the  single  exception 
of  the  Zeeman  phenomena,  appear  to  be  singularly  devoid  of 
that  spirit  of  prophecy  which  characterizes  all  sound  theory. 

8.  When  confronted  with  the  fact  that  many  spectral  lines 
show  self-reversal,  the  atom  which  is  now  on  the  witness  stand 
replies  that  its  explanation  of  this  phenomenon  is  identical 
v^dth  that  of  any  other  atom  which  consists  of  a  vibrating 
mechanism. 

The  essential  feature  of  a  line  reversal  appears  to  consist  of  a 
source  within  the  arc  or  spark  which  emits,  from  whatsoever 
cause,  a  relatively  wide  line — thus  approximating  in  small  de- 
gree the  incandescent  solid  first  used  bv  Kirchhoff.  The  outside 
region  of  the  arc  or  spark  emits,  from  whatsoever  cause,  a  rela- 
tively narrow  line,  and  its  radiant  atoms  are,  therefore,  capable 
of  absorbing  only  certain  periods  from  those  which  appear  in 
the  broad  or  inner  source.  \ 

Accordingly,  the  phenom.enon  of  reversal  is,  in  a  certain  very 
true  sense,  not  an  atomic  problem.  The  fundamental  question 
here  involved  is,  however,  the  following,  namely :  How  does  it 
happen  that,  in  the  inner  source,  some  atoms  have  their  fre- 
quencies slightly  increased  while  others  have  theirs  slightly 
diminished?     And  this  is  an  atomic  problem. 

We  may  say  that  it  is  due  to  "increased  density"  of  the  lumi- 
nous vapor,  but  we  are  little  wiser  for  that.  In  this  emergency, 
the  Cambridge  atom  with  its  entourage  of  stray  corpuscles  shows 
itself  very  capable ;  for  it  is  exactly  in  such  a  region,  as  the  in- 
terior of  an  arc,  where  the  electric  field  is  strong,  and  where 
collisions  are  frequent,  that  one  might  expect  this  "swarm  of 
corpuscles"  to  be  varying  largely — thus  altering  slightly  the 
period  of  the  radiant  source,  whatever  that  may  be,  both  by 
change  of  inertia,  and  by  change  of  electric  field— acting,  so  to 
speak,  both  upon  the  numerator  and  denominator  of  the  expres- 
sion for  the  period.  The  case  of  double  reversals  has  been 
reduced  to  that  of  single  reversals  by  the  clever  experiments  of 
Dr.  Humphreys.* 

*  Humphreys,  Astroph.  Jour.,  18,  204,  1903. 
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The  case  of  W'olf-Rayet  stars*  where  H"  and  H^  are  bright 
while  the  remaining  hydrogen  lines  are  dark  is,  so  far  as  I  am 
aware,  an  unsolved  puzzle. 

9.  Regarding  the  last  of  the  nine  criteria  which  have  been 
cited,  namely,  the  w^ell-nigh  impossible  feat  of  securing  a  line- 
spectrum  from  a  gas  by  means  of  heat  alone,  the  situation 
seems  to  be  as  follows: 

If  one  assumes  that  ordinary  temperatures  are  dueto  the  trans- 
lational  energy  of  the  atom,  while  light  consists  in  dissipation  of 
vibrational  energy  in  the  atom,  then  Jeansf  has  proved,  on 
dynamical  grounds,  that  it  is  possible  only  in  a  minute  degree 
to  transfer  energy  "from  the  principal  degrees  of  freedom  to 
the  vibratory  degrees  of  freedom" — at  least  with  any  tem- 
peratures which  are  encountered  on  this  planet.  In  the  case 
of  ordinary  collisions,  the  transfer  is  infinitesimal  on  account 
of  the  high  frequency  of  the  vibrations  as  compared  with  the 
duration  of  the  collision;  in  the  case  of  those  rare  collisions 
in  w^hich  the  duration  of  collision  is  comparable  with  the 
period  of  vibration,  the  transfer  of  energy  "is  infinitesimal  on 
account  of  the  extreme  rarity  of  these  collisions." 

This  point  of  view  has,  I  think,  been  supported  by  the  ex- 
perience of  every  one  who  has  attempted  to  obtain  character- 
istic spectra  from  gases  under  conditions  in  which  electrical 
and  chemical  processes  were  excluded. 

The  assumptions  back  of  Jeans's  discussion  are  to  be  justified, 
if  at  all,  by  experiment.  Hence  the  importance  of  such  work  as 
that  which  King,  J  HaleS  and  others  have  recentlv  been  doing 
by  means  of  the  electric  oven,  and  of  the  fundamental  experi- 
ments of  Wood  upon  optical  resonance. 

As  to  the  bearing  of  the  Saturnian  atom  upon  this  fact,  one 
finds  it  in  about  the  same  position  as  any  other  elastic  atom, 
except  that  for  ordinary  mechanical  rigidity  one  has  to  sub- 
stitute the  quasi-rigidity  which  comes  from  rotation  of  the  elec- 
trons about  the  po.sitively  charged  center. 

*  Campbell,  ibid.,  2,  177,  1895. 

t  Jeans,  "Dynamical  Theory  of  Gases,"  Ch.  IX. 

I  King,  Astroph.  Jour.,  21,  236,  1905. 

§Hale,  Adams  and  Gale,  ibid.,  24,  213,  1906. 
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The  effort  to  render  a  gas  radiant  by  means  of  high  tempera- 
ture alone  has  been  aptly  characterized  by  J.  J.  Thomson  as  an 
effort  to  boil  a  tea-kettle  by  burning  down  the  kitchen ;  the 
spectroscopic  analogue  of  Lamb's  roast  pig. 

In  view  of  all  the  evidence,  the  conclusion  would  appear  to  be 
that  spectroscopists  have  greatly  exaggerated  the  role  of  tem- 
perature in  terrestrial  sources.  That  the  behavior  of  an  arc  or 
spark  is  determined  largely  by  the  temperature  of  its  electrodes 
there  can  be  no  doubt ;  but  it  seems  almost  equally  certain  that 
the  effect  of  changing  temperature  upon  the  character  of  the 
spectra  is  produced  through  the  intermediation  of  changed  elec- 
trical conditions  in  the  source. 

CONCLUSION. 

In  turning  the  pages  of  Kayser's  great  compendium,  which  so 
adequately  represents  the  present  phase  of  spectroscopy,  there 
is  but  one  tinge  of  disappointment;  and  this  is  that,  in  the  pres- 
ence of  such  a  wealth  of  facts,  there  is  so  little  in  the  way  of 
fundamental  well-established  unifying  principles.  And  yet  the 
only  remedy  appears  to  be  one  of  the  homeopathic  sort,  namely, 
more  facts. 

There  is,  however,  this  comfort :  things  are  not  as  bad  as  they 
used  to  be.  Our  condition  is  somewhat  that  of  the  old  judge 
who  never  liked  to  admit  that  he  was  not  in  perfect  health.  On 
one  occasion,  when  he  was  just  recovering  from  an  illness,  a 
friend  met  him  on  the  street  and  asked  him  how  he  was  feeling. 
"Well!"  said  the  judge  in  reply,  "I  am  not  quite  myself,  but 
I  am  a  great  deal  better  than  I  was  at  the  time  when  I  was  not 
so  well  as  I  am  now."  This,  too,  is  to  be  remembered,  that  we 
can  never  hope  for  any  solution  which  can  in  any  sense  be  called 
final — all  solutions  are  merely  passing  phases — the  problem  is 
not  one  either  of  mathematics  or  of  history. 

Let  us  then  continue  our  search  for  the  facts  of  the  case,  con- 
fident in  the  belief  that  when  this  work  has  been  properlv  accom- 
pUshed,  the  unifying  principal  will  be  at  hand.  It  should  be  to 
us  a  matter  of  no  small  pride  that  it  is  to  our  fellow  members  in 
this  section  that  spectroscopy  owes  the  bolometer,  the  curved- 
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grating,  the  echelon,  the  spectroheliograph,  and,  therefore,  in 
large  measure  the  beautiful  results  obtained  with  these  instru- 
ments. 

In  the  meantime  we  must,  I  believe,  all  gladly  admit  two 
things:  first,  that  the  atom  which  we  associate  so  closely  with 
the  Cavendish  Laboratory  more  nearly  supplies  the  desired 
principle  than  anything  else  which  has  been  offered;  and  sec- 
ondlVjthat  the  emission  of  a  line  spectrum  is  a  very  imperfectly 
comprehended   phenomenon. 
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EDUCATION  OF   THE   PROFESSIONAL   CHEMIST. 


In  conforming  to  the  time-honored  custom  of  presenting  an 
address  as  retiring  chairman  of  Section  C,  it  occurred  to  me 
that  I  might  not  select  a  subject  more  worthy  of  thoughtful 
consideration  than  the  education  of  the  professional  chemist. 
In  view  of  the  fundamental  changes  in  conditions  throughout 
the  commercial  world,  affecting  educational  institutions  by 
bringing  forward  aspects  of  mental  training  and  practical 
applications  that  have  no  precedents  in  our  earlier  experience, 
it  is  certainly  essential  that  this  influence  on  modern  progress 
receives  critical  attention.  The  recent  excellent  papers  ex- 
pressing the  views  of  eminent  teachers  and  practical  chemists 
on  suitable  requirements  for  the  training  of  young  men  in  chem- 
istry have  ably  presented  the  various  aspects  of  this  important 
subject.  Yet  I  have  thought  that  the  last  word  has  not  been 
said  concerning  certain  features  of  professional  education, 
especially  relating  to  the  mental  attitude  of  the  student,  and 
of  the  embryo  chemist  about  to  enter  business  life.  It  cannot 
be  doubted  that  the  courses  offered  by  schools  of  science  deserve 
all  the  attention  they  have  received  in  the  form  of  suggestions 
and  criticisms,  particularly  from  the  experience  of  older  gradu- 
ates gained  in  close  touch  with  great  operations  in  the  industrial 
world.     The  term  professional  chemist  is  suggested  to  include 
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the   chemical   engineer,   the   engineering   chemist,  the   expert, 
and  the  consuUing  chemist. 

Even  those  of  us  who  have  been  actively  occupied  in  the 
broad  field  of  chemistry  as  teachers  or  professional  workers 
during  the  last  quarter  or  third  of  the  century,  find  it  difficult 
to  realize  the  great  transition  within  this  period.  It  is  inevi- 
table that  the  all-pervading  commercial  spirit  of  our  generation 
should  be  felt  in  institutions  of  learning,  perhaps  more  forcibly 
in  schools  of  science,  where  students  have  an  immediate 
prospect  of  seeking  their  fortunes  in  the  absorbing  vortex  of 
business  activit}^  The  benefits  that  have  come  to  those  in- 
stitutions as  one  result  of  the  recent  unparalleled  industrial  and 
business  expansion  have  been  accompanied  by  certain  disturb- 
ing influences  that  are  difficult  of  control.  With  such  a  golden 
flow  into  the  educational  coffers,  new  institutions  have  grown 
to  large  proportions  hke  the  traditional  mushroom,  and  the 
older  ones  have  doubled  or  quadrupled  in  capacit}-  and  power. 

Naturally  every  student  within  college  walls  has  his  attention 
attracted  to  the  sources  of  wealth  which  provide  these  great 
benefactions.  It  suggests  a  possibility  of  a  similar  pecuniary 
reward  even  to  the  extent  of  limiting  his  interest  to  subjects 
and  their  especial  features  that  shall  in  his  estimation  lead  to 
immediate  advancement  and  profit  on  his  exit  from  the  collegi- 
ate environment.  I  believe  I  am  stating  a  part  of  the  common 
experience  of  teachers,  with  reference  to  the  mental  atti- 
tude of  a  considerable  proportion  of  the  student  body.  Impa- 
tient of  attainment  along  the  lines  of  self-improvement  and 
broad  culture,  the  student  regards  his  institution  merely  as  an 
influence  in  gaining  an  initial  foothold,  satisfied  with  the 
minimum  requirements  that  it  will  accept  for  his  respectable 
graduation.  I  do  not  wish  to  express  the  belief  that  this  feel- 
ing is  universal,  but  it  is  sufficiently  evident  both  as  to  outward 
expression  on  the  part  of  some,  and  through  the  influence  of 
association  on  the  part  of  many,  to  interfere  seriously  with  the 
highest  ideals  of  intellectual  training.  It  tends  to  limit  the 
efforts  of  teachers  to  a  monotonous  routine,  and  the  main- 
tenance of  an  acceptable  standing  of  students  in  this  routine. 

It  cannot  be  doubted  that  the  conditions  of  instruction  in 
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the  higher  institutions  may  be  greatly  improved  by  certain 
changes  in  the  secondary  schools.  Much  has  been  done  within 
the  last  few  years  mainly  with  the  aid  and  cooperation  of 
teachers  in  the  higher  institutions;  but  the  suggestions  for 
better  work  in  chemistry  have  been  limited  rather  to  improve- 
ment in  methods  already  in  use  than  to  fundamental  changes 
to  eliminate  primary  causes.  Judging  from  the  results  of 
entrance  examinations,  the  pupil  is  taught  a  text-book  rather 
than  chemistry,  a  fatal  error  with  young  pupils,  for  when  they 
once  begin  to  depend  on  the  printed  page,  their  vision  of  what 
they  should  learn  is  obscured  by  their  false  support.  Obser- 
vation of  natural  facts  should  be  the  only  guide  until  the  pupil 
has  a  sufficiently  well-grounded  method  to  enable  him  to  dis- 
tinguish between  his  own  obser^^ation  and  printed  descriptions. 
On  account  of  the  inherent  inertia  of  young  pupils  and  their 
inclination  to  lean  on  the  teacher  or  the  text-book,  it  is  not 
safe  to  permit  the  use  of  a  book  until  they  have  acquired  a 
good  knowledge  of  facts  and  deductions. 

Why  chemistry  should  be  relegated  to  the  fourth  year  of 
the  high  school,  and  then  suddenly  launched  on  the  pupil  as 
a  full-fledged  science,  usually  prefaced,  as  in  the  ordinary  text- 
book with  a  series  of  definitions  and  a  statement  of  theoretical 
principles,  almost  before  the  correct  observ'ation  of  a  single 
fact,  it  is  difficult  to  understand.  I  believe  the  reason  usually 
suggested  is  that  chemistry  cannot  be  taught  to  immature 
pupils  of  the  lower  grades.  With  the  text-books  at  present 
in  use,  I  appreciate  the  force  of  this  suggestion,  and  it  applies 
with  the  same  weight  to  the  grade  to  which  it  is  introduced, 
the  third  or  fourth  year  of  the  high  school.  At  the  age  of 
most  susceptible  inquiry  the  child  is  in  an  environment  in 
which  he  is  constantly  confronted  with  chemical  changes,  vet 
he  is  permitted  to  know  nothing  even  of  the  air  he  breathes, 
or  the  water  he  drinks,  except  that  the  former  is  hot  or  cold, 
and  that  the  latter  quenches  thirst,  until  he  reaches  the  age 
of  fifteen  or  sixteen  years.  At  this  period,  having  spent  one- 
third  or  more  of  his  time  on  arithmetic  and  higher  mathematics, 
and  the  remainder  in  text-book  drill  on  other  subjects,  his 
mind  has  lost  to  a  large  extent  the  elasticity  of  earlier  years. 
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and  he  naturally  attacks  any  new  subject  by  the  same  routine 
methods.  It  may  easily  be  demonstrated  that  correct  habits 
of  observation  and  inference  in  chemistr}^  and  certain  ele- 
mentary facts  that  every  person  should  know  can  be  taught 
in  the  grammar  grade.  The  pupil  whose  school  life  terminates 
with  the  grammar  school  may  demand  as  his  due  that  he  shall 
receive  such  instructions.  His  capacity  is  fully  equal  to  it; 
it  is  necessary  with  whatever  department  of  business  he  may 
be  connected;  it  is  one  of  the  most  important  elements  of  his 
education.  Why  should  he  not  have  it?  No  extensive  labora- 
tories are  needed ;  no  expensive  apparatus.  The  expense  is  but 
a  trifle.  But  it  does  demand  the  teacher;  one  who  can  put 
aside  the  text-book,  and  present  chemical  changes  from  nature's 
standpoint;  one  who  has  the  aptitude  to  lead  the  youthful 
mind  from  the  simple  observations  of  every-day  life  to  less 
obvious  chemical  changes,  until  before  the  pupil  is  aware  of  it 
he  has  acquired  the  habit  of  thought  essential  to  the  proper 
study  of  elementary  chemistry.  I  grant  that  the  latter  re- 
quirement is  the  most  difficult  of  all ;  but  it  is  one  of  the  press- 
ing needs  to  place  instruction  in  the  grammar  grade  on  a  sen- 
sible basis;  teachers  properly  trained  to  teach  the  elementary 
facts  of  nature.  With  such  a  foundation  the  high  school  course 
may  be  made  more  effective,  and  it  should  then  properly  be 
assigned  to  the  maturer  years.  It  should  include  a  compre- 
hensive study  of  facts  and  elementary  reasoning,  but  with 
limited  theoretical  conceptions,  which  should  be  left  to  the 
broader  courses  of  the  higher  institutions. 

Teachers  of  large  experience  who  are  fortunately  in  touch 
with  the  details  of  manufacture  in  large  plants,  have  a  vivid 
sense  of  the  marvelous  expansion  that  is  in  progress  all  over 
the  world  and  especially  in  our  own  country.  While  the  prac- 
tical chemist  must  know  something  of  all  the  important 
branches  of  manufacture,  it  is  beyond  his  capacity  to  acquire 
a  working  knowledge  of  more  than  a  limited  range  of  processes, 
and  to  keep  pace  with  the  advance  in  improvements.  The 
outcome  of  this  situation  is  the  intense  specialist,  one  who  not 
onlv  knows  what  is  common  knowledge  of  his  subject,  but 
who  has  carried  his  study  and  application  beyond  the  border. 
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This  sort  of  man  is  in  active  and  increasing  demand ;  his  ser- 
vice is  much  sought  for,  and  he  can  command  his  renmneration. 
The  successful  man  of  business,  especially  the  chemical  manu- 
facturer, is  of  necessity  a  specialist  in  his  particular  field.  He 
is  keenly  alert  in  acquiring  knowledge  of  new  advances.  But 
in  the  many  ramifications  of  his  business,  he  oftens  finds  him- 
self beyond  his  depth,  and  it  is  here  that  he  appreciates  the 
service  of  the  broadly  trained  man.  As  never  before,  success- 
ful manufacturing  operations  are  dependent  on  the  application 
of  scientific  principles  in  a  scientific  manner.  Such  a  position 
promises  most  to  the  young  chemist,  and  the  sooner  he  compre- 
hends its  possibilities  the  more  rapid  will  be  his  promotion. 
When  he  steps  out  into  the  great  school  of  active  life,  so  far 
as  his  practical  knowledge  of  details  is  concerned,  he  should 
understand  in  all  modesty  that  he  must  begin  at  the  lowest 
round  of  the  ladder.  While  gaining  his  business  experience 
and  patiently  waiting  for  the  opportunities,  which  will  not  be 
long  delayed,  when  his  scientific  attainments  shall  be  called 
into  service,  he  will  escape  the  criticism  frequently  made  by 
manufacturers  that  the  young  graduate  is  apt  to  assume  a 
grasp  of  practical  details  that  he  has  not  acquired. 

Most  manufacturers  have  a  high  respect  for  the  advantages 
afforded  by  scientific  education,  and  are  ready  to  receive  the 
young  graduate  with  open  cordiality,  expecting  ser\dce  that 
they  stand  in  need  of.  With  too  great  confidence  in  his  grasp 
of  practical  details,  often  the  manufacturer  assigns  duties  in- 
volving business  experience  which  the  young  man  has  vet  to 
gain,  with  disappointing  res'ults.  In  thus  rashly  undertaking 
such  work  he  not  only  brings  discredit  on  himself,  but  arouses 
a  feeling  of  distrust  concerning  the  practical  utilitv  of  scien- 
tific training  in  general. 

It  may,  perhaps,  be  said  of  the  professional  chemist  that 
his  career  depends  in  no  small  degree  on  ancestral  inheritance. 
I  am  inclined  to  the  belief  that  this  is  true  with  reference  not 
only  to  inborn  energy  and  ability,  without  which  the  best  suc- 
cess is  not  possible  in  any  direction,  but  especially  to  a  certain 
inherent  quick  perception  and  logical  turn  of  mind,  that  manv 
persons  do  not  possess  and  can  never  acquire.     Certain  it  is 
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that  no  amount  of  training  can  produce  a  successful  chemist 
out  of  an  individual  who  lacks  these  essential  qualities.  An 
extended  experience  in  fitting  young  men  for  employment  in 
chemistry  leads,  I  think,  to  the  conviction  that  it  is  not  a 
large  proportion  of  the  average  body  of  students  that  have  the 
peculiar  mental  poise  and  manual  dexterity  to  become  success- 
ful chemists  in  a  broad  sense.  As  to  what  should  be  regarded 
as  success,  pecuniary  compensation  may  in  general  be  accepted 
as  a  measure  of  ability,  although  many  men  in  responsible 
positions  will  not  accept  such  a  standard  since  they  feel  that 
their  service  is  not  recognized  in  proportion  to  the  profits  they 
help  to  accumulate  in  the  business  treasur^^  Generally  speak- 
ing, however,  with  the  unprecedented  demand  for  good  men, 
abilitv  is  well  compensated.  With  respect  to  young  men  just 
gaining  a  foothold  there  is  evidence  that  their  ser\-ice  is  appre- 
ciated. Statistics  have  recently  been  collected  from  graduates 
of  five  years'  standing  from  Case  School  of  Applied  Science  in 
all  departments,  with  reference  to  what  salaries  would  induce 
them  to  accept  other  positions  on  the  basis  of  what  they  are 
now  receiving.  The  average  in  chemistry  was  $3,000.00.  After 
ten  or  fifteen  years  of  service,  I  have  reason  to  believe  that  salar- 
ies of  professional  chemists  equivalent  to  $5,000.00  and  $10,000.00 
a  year  are  not  uncommon.  While  the  standard  of  pecuniary 
compensation  is  not  unreasonable  from  the  point  of  view  of  the 
man  of  business,  who  looks  on  his  ledger  balance  at  the  end 
of  the  vear  as  a  measure  of  success,  the  professional  chemist 
seeks  also  a  higher  reward.  He  cannot  sever  his  mental  con- 
nection from  the  profound  truths 'of  nature,  and  the  more  he 
struggles  for  the  mastery  and  utilization  of  those  truths,  the 
deeper  becomes  his  reverence  for  the  immutable  laws  that  con- 
trol and  direct  his  efforts.  He  is  constantly  under  the  stimu- 
lating influence  of  new  discovery  and  an  expanding  field  of 
usefulness.  It  is,  perhaps,  unnecessary  to  suggest  that  this 
does  not  applv  to  the  man  who  is  content  with  a  daily  routine, 
with  no  connections  outside  of  his  laboratory  walls,  but,  as 
mentioned  above,  to  one  who  is  equal  to  present  demands; 
who  is  alive  to  the  advance  of  knowledge  in  his  particular  field 
the  world  over ;  who  is  able  to  keep  in  touch  with  new  applica- 
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tions  and  new  processes,  and  to  apply  them  with  discretion. 
To  such  a  man,  imbued  with  the  spirit  of  research  and  the 
instinct  of  successful  application,  the  best  reward  for  unselfish 
effort  is  its  appreciation  from  the  point  of  view  of  professional 
standing,  which  even  the  manufacturer,  after  he  is  assured 
that  the  ledger  balance  is  satisfactory,  is  eagerly  ready  to 
recognize. 

An  incidental  advantage  to  the  professional  chemist,  one  of 
the  features  of  his  education,  is  the  readiness  with  which  he  is 
able  to  grasp  the  essential  principles  of  business  operations. 
I  have  been  impressed  by  the  frequent  expressions  from  older 
graduates  as  to  their  feeling  of  indebtedness  to  a  chemical 
education  for  success  in  the  application  of  business  methods. 
They  recognize  the  fact  that  the  close  observance  in  experi- 
mental study,  constant  exercise  in  inductive  reasoning,  and 
the  consequent  truthful  attitude  of  mind,  the  directive  forces 
in  the  study  of  chemistry,  establish  in  the  individual  the  habit 
of  looking  at  all  matters  that  concern  him  from  a  similar  point 
of  view. 

If  this  be  the  situation  that  confronts  the  young  gradu- 
ate when  he  enters  business  life,  what  shall  be  his  prepara- 
tion for  the  duties  that  await  him?  What  is  the  responsi- 
bility of  the  institution  that  sends  him  forth?  First  of  all, 
he  must  be  a  well-balanced  man  physically  and  mentally,  alert 
to  the  individual  duties  of  life.  The  best  success  in  any  de- 
partment of  activity  depends  primarily  on  the  ser\ace  of  a 
well-nourished,  healthy  body,  and  such  health  and  strength  is 
dependent  on  the  observance  of  correct  habits  of  bodily  atten- 
tion and  nutrition,  established  in  early  youth.  During  the 
critical  period  of  school,  and  collegiate  training,  it  is  imperative 
that  the  excessive  mental  strain  be  supported  by  systematic 
physical  exercise,  or  the  individual  will  suffer.  It  is  incum- 
bent on  an  educational  institution  to  provide  suitable  physical 
exercise  and  to  require  it  of  every  student.  Man  is  a  creature 
of  habit,  and  correct  habits  early  formed  are  more  readily 
observed  in  later  life. 

In  the  technical  preparation  for  professional  employment, 
as  suggested  above,  the  education  in  chemistry  should  begin 
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in  early  years  in  the  grammar  grade;  correct  habits  of  obser- 
vation and  reasoning  should  be  made  a  part  of  the  youthful 
mental  equipment.  In  the  higher  institution,  without  inter- 
fering with  the  time  devoted  to  strictly  professional  studies, 
sufficient  time  should  be  allotted  to  language  and  literature, 
history,  philosophy,  and  economics,  to  impart  breadth  of  thought 
and  to  supplement  the  culture  of  the  science  courses.  I  am 
not  in  sympathy  with  the  thought  sometimes  expressed  that 
science  and  science  studies  do  not  contain  the  elements  of 
culture.  On  the  contrary,  I  believe  that  the  best  culture  is 
derived  from  the  proper  study  of  physical  science.  Why 
should  it  not  be?  Is  it  reasonable  to  assume  that  all  culture 
is  limited  to  the  study  of  man  with  his  imperfections,  and  his 
works,  what  he  has  been,  what  he  has  done,  excluding  the  per- 
fect laws  of  his  environment,  the  universe?  It  is  evidently 
true  that  science  courses  alone  do  not  lead  the  student  to  broad 
conceptions  of  his  duty  to  society  and  his  relations  to  the  com- 
munity, unless  they  are  supplemented  by  courses,  as  suggested, 
in  other  departments  of  learning. 

In  the  training  of  the  professional  chemist,  two  facts  should 
be  kept  in  view.  Primarily,  he  must  understand  chemical 
changes.  Secondly,  he  nmst  have  the  ability  to  devise  and 
operate  machinery  and  appliances  in  which  chemical  changes 
are  to  be  applied  on  a  manufacturing  scale.  It  would  seem 
that  the  tendency  in  some  of  the  modern  courses  in  chemical 
engineering  is  to  give  too  great  prominence  to  the  engineering 
features  at  the  expense  of  time  that  should  be  devoted  to  chem- 
istry, with  the  production  of  neither  an  engineer  nor  a  chemist. 
There  is  not  time  in  a  course  of  four  years  to  make  a  good 
chemist  and  a  finished  engineer  in  the  same  individual ;  neither 
is  it  possible  to  make  a  good  chemist  without  sufficient  time 
and  attention  for  comprehensive  training  in  chemistry.  But 
it  is  possible  to  make  a  good  chemist  and  to  allow  him  adequate 
time  to  gain  such  knowledge  of  the  engineering  features  as  will 
give  him  a  good  foundation  for  expansion  when  he  enters  the 
factory.  In  all  departments  of  business  the  individual  who 
has  learned  how  to  do  things  himself  is  best  fitted  to  direct  the 
efforts  of  others;  the  superintendent  who  can  saw  off  a  board 
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by  the  square  or  set  a  post  straight  and  true,  can  instantly  see 
whether  another  is  doing  his  duty.  The  broadly  trained 
chemist  must,  therefore,  have  had  practice  in  handling  tools, 
in  working  wood  and  iron;  he  needs  the  elements  of  construc- 
tion, of  machine  design.  He  must  understand  the  economic 
production  and  application  of  power  from  different  sources. 
An  important  part  of  his  equipment  is  the  nature  and  manipu- 
lation of  electrical  currents  and  machinery.  Such  breadth'  of 
knowledge  may  be  gained  in  courses  on  shop  practice,  thermo- 
dynamics, applied  mechanics,  heat  and  steam,  hydraulics  and 
machine  construction,  attendance  on  courses  in  electricity 
with  laboratory  practice. 

In  this  connection  the  recurring  question  of  adequate  time 
in  the  ordinary  course  may  be  satisfactorily  answered  by  the 
tendency  in  most  institutions  to  extend  the  limits  of  practical 
work.  In  Case  School  of  Applied  Science,  the  entire  month  of 
June  is  given  up  to  laboratory  and  field  work  as  a  practice 
term,  which  adds  about  one  year  of  practical  study  to  the 
course  of  four  years.  The  student  is  under  constant  super- 
vision, with  sufficient  oral  instruction  to  keep  him  intelligently 
occupied.  Continuous  laboratory  practice  accomplishes  very 
much  more  than  the  interrupted  hours  of  the  other  terms. 
In  answer  to  the  possible  objection  that  it  is  some  infringe- 
ment on  the  time  for  lectures  and  recitations,  it  is  true  that 
two  or  three  weeks  a  year  are  lost  to  these  exercises ;  but  what 
is  gained  in  practical  application  in  chemistry  makes  it  about 
equivalent  to  a  course  of  five  years,  and  the  average  student 
is  easily  able  to  accomplish  the  work  mentioned  above  in  me- 
chanics and  electricity.  Indeed  before  this  recent  change  in 
the  additional  time  devoted  to  the  laboratory',  our  best  students 
and  even  those  of  average  ability  by  dint  of  hard  work  were 
able  to  finish  this  course.  W^ith  no  sacrifice,  therefore,  of  neces- 
sary training  in  chemistry,  the  student  receives  what  is  needful 
when  he  enters  on  the  practice  of  his  profession.  Such  a  course 
may  be  designated  as  engineering  chemistr\',  in  which  the  stu- 
dent becomes  primarily  a  chemist. 

To  acquire  an  adequate  grasp  of  foundation  principles  in 
chemistry  it  is  necessary  to  include  thorough  comprehensive 
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courses  in  general  inorganic,  analytical,  theoretical  and  physical, 
and  organic  chemistry,  with  much  time  devoted  to  laboratory 
work.  This  routine  is  practically  the  same  in  all  institutions 
with  increasing  attention  to  experimental  physical  chemistry. 
It  seems  scarcely  necessary  to  allude  to  the  subsiduary  subjects: 
English,  modem  languages,  mathematics,  including  calculus, 
descriptive  geometry  and  drawing,  physics,  mineralogy,  ele- 
mentary use  of  surveying  instruments,  and  metallurgy,  without 
which  a  course  in  engineering  chemistry  could  not  be  regarded 
as  complete.  The  increasing  importance  of  bacteriology  in 
the  fermentation  industries  and  sanitary  chemistry  render  it 
indispensible  that  the  student  has  some  practice  in  the  man- 
ipulation of  bacteria,  and  general  use  of  the  microscope.  He 
must  understand  the  composition,  methods  of  analysis,  valua- 
tion and  uses  of  solid  liquid  and  gaseous  fuels,  and  the  methods 
of  heating  and  lighting.  In  the  work  of  the  fourth  year,  it  is 
essential  that  the  student  be  led  to  some  extent  at  least  out 
of  the  routine  of  the  previous  years,  to  develop  greater  self- 
reliance,  and  to  be  brought  into  somewhat  close  touch  with 
chemical  literature,  to  establish  the  habit  of  ascertaining  what 
has  been  done  in  any  special  line  of  work  before  undertaking 
it  himself.  It  is  important  that  he  gains  a  clear  understanding 
of  the  proper  methods  of  attacking  new  problems  and  that  he 
appreciates  the  necessity  of  depending  on  his  own  resources. 
In  the  ordinary  course  of  four  years  the  time  that  can  be 
devoted  to  such  study  is  much  too  limited,  but  it  should  be 
insisted  on  to  the  fullest  possible  extent.  The  atmosphere  of 
the  laboratory  should  have  the  stimulating  influence  of  original 
research.  If  students  feel  that  they  have  something  before 
them  beside  the  routine  courses  it  keeps  them  up  to  their  best 
effort;  they  quickly  perceive  the  difference  between  the  spirit 
of  an  instructor  who  has  no  ambition  beyond  the  hourly  recita- 
tion and  that  of  one  imbued  with  enthusiasm  of  original  study, 
and  eager  to  impart  something  of  his  own  impulse. 

Since  the  chief  aim  is  the  preparation  of  the  chemist  for 
efficient  service  in  the  manufactory,  an  essential  feature  of  our 
discussion  relates  to  the  method  of  teaching  industrial  chemistry. 
Evidently  in   a   well-balanced   course   this  instruction   should 
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be  preceded  by  the  routine  work  of  the  first  three  yt^ars,  gen- 
eral, analytical,  physical,  and  organic  chemistry,  all  of  which 
is  a  necessary  preparation.  vSince  there  is  at  present  nearly 
as  great  a  demand  for  men  in  positions  where  organic  chemistry 
is  requisite  as  in  places  which  concern  inorganic  processes  alone, 
the  student  must  be  well  grounded  in  theoretical  and  practical 
organic  chemistry,  when  undertaking  industrial  chemistry.  I 
have  found  it  an  excellent  plan  to  carry  along  the  course  of 
organic  industrial  chemistry  in  the  same  term  with  lectures 
and  laboratory  practice  in  organic  chemistry.  Every  opera- 
tion in  applied  chemistry  is  so  closely  attended  by  physical 
conditions  affecting  economic  results,  it  is  necessary  that 
attendant  conditions  of  processes  be  kept  constantly  before 
the  student.  As  one  of  numerous  examples  that  may  be  sug- 
gested, vapor  tension,  heat  of  solution,  \-aporization,  specific 
heat,  are  closely  connected  with  distillation,  solution,  crystalli- 
zation and  purification. 

The  schools  of  science  owe  their  foundation  primarily  to 
the  labors  of  self-educated  men,  who  without  the  advantages 
of  systematic  training  have  devised  and  perfected  on  a  business 
basis  the  fundamental  methods  of  the  factory.  In  taking  up 
the  burden  of  his  forebears  the  young  graduate  is  expected  to 
extend  it  with  the  advance  of  modern  demands.  Shall  the 
school  of  science  attempt  to  duplicate  in  a  miniature  fashion 
the  factory  methods  with  suitable  machinery  and  appliances, 
or  shall  its  efforts  be  directed  toward  broad  training  in  funda- 
mental principles  with  such  laboratory  applications  as  are 
needed  to  comprehend  an  expansion  to  a  manufacturing  scale? 
Evidently  this  question  should  be  considered  from  several 
points  of  view.  It  must  be  remembered  that  application  on  a 
laboratory  scale  of  any  manufacturing  process  in  a  manner  to 
afford  satisfactory  results  needs  more  time  than  can  be  found 
for  it  in  the  course  of  four  years,  unless  it  be  taken  as  a  subject 
of  a  thesis  when  sufficient  time  may  be  devoted  to  a  single 
subject.  But  general  apphcation  should  include  a  consider- 
able number  of  processes.  Depending  on  the  nature  of  the 
process,  not  less  than  two  weeks  to  two  months  must  be  exclu- 
sively  devoted    to   any   important   single   operation,    and    the 
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benefit  derived  is  limited  mainly  to  this  process.  Another 
serious  hindrance  is  the  magnitude  of  an  adequate  equipment. 
A  separate  plant  of  two  or  more  buildings  is  needed,  for  the 
dust  and  dirt  of  one  variety  of  process  could  not  be  tolerated 
in  the  cleanly  conditions  necessary  in  others.  With  sufficient 
equipment  a  graduate  course  should  afford  ample  time  for  such 
work  on  a  broad  plan.  Such  a  course  should  evidently  include 
a  study  of  details  and  conditions  with  reference  to  possible 
improvements.  It  cannot  be  doubted  that  an  adequate  equip- 
ment in  teaching  force  and  plants  working  in  conjunction  with 
manufacturing  establishments,  and  with  sufficient  endowment 
for  the  costly  operation  should  form  the  basis  for  the  expansion 
of  a  profitable  graduate  course.  A  school  of  science  fortu- 
nately situated  in  the  mddst  of  a  great  variety  of  manufactur- 
ing operations  has  the  immense  advantage  that  the  manufac- 
turing plants  really  constitute  an  important  adjunct  to  its 
equipment.  After  thoroughly  reviewing  the  details  of  a  manu- 
facturing process  in  lectures  and  recitations,  next  to  actually 
conducting  the  operation,  the  student  receives  a  part  of  his 
most  valuable  experience  in  inspecting  such  operation  under 
intelligent  guidance  during  his  visits.  It  is  a  mutual  advantage 
to  the  institution  and  to  the  manufacturer,  for  it  is  an  invaluable 
aid  to  the  courses  of  instruction  in  the  former,  and  it  insures 
to  the  latter  a  more  practical  knowledge  of  processes  to  the 
student  whom  he  may  later  employ. 

With  the  most  elaborate  experimental  preparation,  however, 
the  graduate  approaches  a  different  atmosphere  when  he  enters 
the  factory  where  every  effort  has  a  pecuniary  value.  Out- 
side the  factorv  it  is  not  possible  to  take  into  account  the  ele- 
ment of  costs,  which  is  the  controlling  principle  in  any  business. 
It  is  easv  to  ascertain  the  market  values  of  crude  materials 
and  finished  products,  but  the  long  array  of  numerical  details 
intervening  which  constitute  the  business  of  manufacture  is 
a  closed  volume  to  everv  one  outside  the  counting  room.  The 
guiding  thought  of  the  student  is  the  acquisition  of  accurate 
knowledge  of  principles  and  methods.  The  chief  aim  of  the 
manufacturer  is  to  applv  those  methods  in  such  a  manner 
that  the  pecuniary  results  may  be  entered  on  the  right  side  of 
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the  balance  sheet  in  the  shortest  possible  time.  As  an  example 
of  this  difference  in  motive  it  is  often  suggested  that  students 
in  quantitative  analysis  be  given  practice  in  rapid  application 
of  methods;  but  the  fact  is  forgotten  that  the  student  is  fully 
occupied  in  the  attainment  of  accuracy,  and  that  rapidity  is 
soon  acquired.  It  may  take  him  a  day  or  two  to  master  the 
necessary  dexterity  in  applying  the  method  for  the  determina- 
tion of  phosphorus  in  a  single  sample  of  steel.  When  he  goes 
out  into  the  factory  laboratory  he  may  be  required  to  hand  in 
results  on  thirty  samples  in  a  single  day.  This  distinction  seems 
to  be  best  expressed  by  the  difference  in  environment ;  the 
student  acquires  his  knowledge  in  the  quiet  atmosphere  of  the 
educational  institution ;  the  man  of  business  applies  his  knowl- 
edge vmder  the  stress  of  manufacturing  conditions. 

The  service  of  the  school  of  science  for  the  benefit  of  the  com- 
munity is  well  established,  but  it  has  not  yet  secured  the  tena- 
cious hold  of  the  older  college,  which,  in  educating  generation 
after  generation,  father  and  son,  has  established  the  traditions 
of  the  family  on  scholarship  and  culture,  and  extended  the 
influence  of  collegiate  training  into  the  professional  and  busi- 
ness world.  The  first  generation  of  graduates  from  the  scien- 
tific school  has  had  barely  time  to  make  its  record,  but  an 
honorable  record  is  assured,  and  it  will  be  continued  by  their 
sons  and  grandsons.  Traditional  family  support  of  an  insti- 
tution is  one  of  its  most  valuable  assets  intellectually  and  pecuni- 
arily; fortunate  is  the  institution  that  has  this  support  in  the 
best  families. 

The  school  of  science  in  its  breadth  of  training  and  scope  of 
applications  is  peculiarly  an  American  institution.  In  England, 
until  recently,  the  spirit  of  progress  along  similar  lines  has  been 
somewhat  inactive.  But  aroused  by  the  recent  great  industrial 
activity  to  the  fact  that  their  old  time  plants  must  be  re- 
habilitated and  that  our  young  men  are  being  called  on  for 
assistance,  large  grants  have  been  made  to  establish  schools 
of  science,  and  the  managers  of  these  funds  are  inquiring  with 
much  interest  into  the  foundation  and  operation  of  our  scien- 
tific institutions.     The  fact  is  being  recognized  that  the  biisi- 
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ness  world  is  receiving  aid  from  practical  methods  that  they 
must  adopt  to  regain  their  industrial  standing. 

In  Germany  the  conditions  are  essentially  different.  While 
the  labors  of  the  early  French  and  English  investigators  con- 
tributed verv  largelv  to  the  foundation  of  chemical  science, 
our  immediate  inspiration  came  from  the  German  laboratory. 
More  recently  the  unprecedented  expansion  of  our  national 
resources  has  developed  circumstances  so  fundamentally  differ- 
ent, our  institutions  have  of  necessity  directed  their  efforts 
toward  meeting  business  requirements  to  the  extent  that  they 
are  unique.  Yet  the  atmosphere  of  quiet  scholarly  inquiry 
of  the  German  institutions  still  retains  its  influence.  The 
great  bodv  of  German  scholars  in  happiness  and  contentment 
devote  their  lives  to  discovery  and  elaboration  with  sufficient 
'  remuneration  for  economical  living  and  simple  habits,  and  the 
world  is  benefited  by  their  labors.  In  the  great  manufactory 
such  as  that  of  the  Badische  Aniline  Fabriquc  or  of  Meister, 
Lucius  and  Bruening  hundreds  of  chemists  are  employed,  a 
large  proportion  with  Doctorate  degrees  from  the  universities. 
Those  men  are  devoting  theii'  best  efforts  to  the  interests  of 
their  employers  in  the  national  spirit  of  faithful  application 
and  with  very  moderate  compensation.  If  such  establishments 
were  compelled  to  pay  salaries  equivalent  to  those  granted  for 
similar  ser\dce  in  our  own  factories,  it  would  doubtless  make 
a  serious  inroad  in  the  very  generous  dividends  they  are  now 
able  to  declare. 

It  is  extremely  doubtful  whether  the  conditions  in  the  Ger- 
man university,  including  their  long  vacations,  their  leisurely 
habits  during  the  semesters,  and  with  no  restraint  on  the  stu- 
dent except  attendance  at  final  examinations,  are  applicable 
in  American  schools  of  science.  Certainly  their  traditional 
method  of  allowing  the  student,  whatever  his  capacity,  to  work 
out  problems  on  his  own  resources,  even  before  he  is  w-ell 
grounded  in  breadth  of  practical  methods,  could  not  meet  our 
requirements. 

I  am  sure  there  will  be  no  dissent  from  the  view  that  original 
research  is  of  equal  importance  in  the  school  of  science  as  in  the 
university,  although  evidently  it  should  take  a  somewhat  differ- 
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ent  form  in  the  scientific  institution.  In  the  university  labora- 
tory, research  has  for  its  object  the  advancement  of  knowledge 
with  no  visible  practical  utilization.  The  same  spirit  must 
pervade  all  research;  that  is,  its  foundation  rests  on  the  prin- 
ciples of  pure  science.  In  the  scientific  school  the  great  field 
includes  the  application  of  the  principles  of  pure  science  to  the 
solution  of  commercial  problems.  To  one  who  is  conversant 
with  the  conditions  in  the  manufacturing  plant  that  lacks  the 
aid  of  men  skilled  in  science  it  is  evident  that  much  of  the 
work  is  the  result  of  disconnected  obser\^ations  looselv  made 
in  a  rule-of-thumb  fashion,  rather  than  the  outcome  of  system- 
atic study  of  underlying  principles  with  expansion  to  method- 
ical application.  There  is  urgent  need  of  the  extension  in  all 
directions  of  the  critical  comparison  of  methods  of  analysis 
and.  testing  which  has  made  such  a  good  beginning.  To  appre- 
ciate the  importance  of  this  work  it  is  only  necessary  to  glance 
at  the  want  of  concordance  in  the  results  of  analysis  of  a  given 
substance  even  from  the  best  laboratories.  The  recent  estab- 
lishment of  the  National  Bureau  of  Standards  is  an  excellent 
foundation  for  greater  accuracy  and  closer  agreement  in  the 
results  of  different  workers. 

The  education  of  the  professional  chemist  is  concerned  in 
the  recent  discussion  on  the  relations  of  the  scientific  school  to 
the  university,  and  the  cogent  reasons  suggested  for  its  rehabili- 
tnent  as  one  of  the  professional  departments  with  law,  medicine, 
etc.  If  such  a  change  were  feasible  doubtless  scientific  educa- 
tion should  proceed  along  much  the  same  lines,  for  the  seeker 
after  its  benefits  could  not  otherwise  secure  his  training,  and 
the  instruction  would  of  necessity  conform  to  the  demands  of 
business.  The  endowment  of  other  schools  of  science  is  not 
probable;  the  present  tendency  is  rather  to  expand  scientific 
training  in  institutions  already  established.  This  is  especiallv 
true  of  the  state  universities  in  some  of  which  the  best  practical 
training  in  science  is  given.  The  permanency  of  those  insti- 
tutions in  their  reliance  on  the  state  gives  promise  of  the  broad 
development  of  practical  science.  What  may  be  said  in  this 
direction  relates,  therefore,  to  a  comparatively  few  institu- 
tions,  and  it  evidently  applies  to  a  few  conditions  concerning 
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which  there  are  doublless  cHlYercnces  of  opinion — culture, 
educational  atmosphere,  policy  of  management,  economy  in 
resources.  That  the  student  of  applied  science  should  gain 
in  culture  and  breadth  of  thought  in  the  university  atmosphere 
mav  be  true  with  corresponding  changes  in  his  work ;  but  the 
strictly  professional  training  cannot  be  abbreviated,  and  it  is  be- 
lieved that  culture  should  be  imparted  in  these  courses  as  now 
conducted  in  the  <-cientilic  nstitution.  As  to  whether  the  uni- 
versity atmosphere  is  well  adapted  to  the  close  application  and 
vigorous  effort  required  in  the  school  of  science,  may  be  ques- 
tioned. Beside  certain  smiall  economy  in  office  supervision  it 
does  not  appear  that  any  important  reduction  in  running 
expense  is  possible.  There  is  a  limit  to  the  number  of  students 
in  a  single  recitation  or  laboratory  division.  A  given  number 
of  students  in  the  scientific  school  needs  the  same  number  of 
teachers  and  the  same  equipment  as  in  the  university. 

In  respect  to  policy  and  administration  it  would  seem  that 
the  school  of  science  has  an  essential  advantage  over  the  pro- 
fessional department  in  the  university.  The  head  of  the 
scientific  school  devotes  his  best  thought  and  energy  with  an 
intense  personal  interest  to  his  institution.  vSuch  devoted 
service  from  a  president  thoroughly  imbued  with  the  scientific 
spirit,  with  such  expert  knowledge  and  force  of  character  that 
his  word  has  carrying  power  with  the  public  and  with  govern- 
ing boards  as  well  as  within  the  institution,  and  with  business 
instincts  that  enable  him  to  meet  men  of  affairs  on  grounds  of 
mutual  interest  and  understanding,  must  of  necessity  be  more 
efficient  than  that  of  the  dean  who  is  interested  in  his  depart 
ment  as  one  element  of  a  great  university,  not  wholly  indepen- 
dent in  applying  his  convictions  nor  untrammelled  by  other 
considerations  incident  to  his  department.  It  is  no  doubt  true 
that  the  conditions  aff"ecting  the  school  of  science  in  its  rela- 
tions to  the  business  world  arc  essentially  different  from  those 
of  law  and  medicine,  as  integral  elements  of  the  university. 

With  reference  to  a  combination  in  resources  which  is  the 
chief  source  of  strength  in  the  great  modern  business  corpora- 
tion and  its  application  along  similar  lines  in  the  university, 
the  successful  element  in  the  manufacturing  corporation  is  the 
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elimination  of  manual  labor  with  its  uncertainties  and  imper- 
fections, and  its  more  general  displacement  by  machinery  that 
is  invariable  in  its  operation.  It  is  admitted  that  williout  the 
larger  substitution  of  labor  by  machinery,  the  same  efficiency  and 
economy  are  not  secured  in  manufacturing  plants  in  which 
details  are  altogether  in  the  hands  of  salaried  employees,  as 
was  possible  in  the  earlier  period  when  smaller  branches  of 
business  were  under  the  direct  personal  supervision  of  the  owners. 
On  the  other  hand,  in  the  educational  field,  mind  is  the  imme- 
diate controlling  and  directing  power  in  every  detail  with  no 
intervention  of  mechanical  appliances.  The  teacher  cannot 
direct  his  students  and  carry  on  his  instruction  from  a  distant 
city,  or  from  another  continent. 

The  essential  principle  of  combination  in  business  that 
modern  conditions  demand  great  accumulations  of  capital  and 
resources  for  control  in  competition  and  comimercial  fluctua- 
tions does  not  apply  in  a  similar  degree  to  any  successful  educa- 
tional institution,  for  there  is  a  far  greater  demand  for  graduates 
than  can  be  supplied,  and  there  is  little  difficulty  in  securing 
necessarv  funds  for  carrving  on  fundamental  lines  of  educa- 
tional work.  If  it  be  true  as  has  been  stated  that  the  German 
universities  are  much  overcrowded  with  respect  to  emiployment 
offer  graduation,  and  that  strenuous  efforts  are  put  forth 
through  German  residents  in  this  country  to  place  their  gradu- 
ates here,  the  element  of  competition  is  not  wanting,  or  ma}^ 
not  be  in  the  immediate  future.  Such  competition  may  even 
be  a  stimulating  advantage,  inciting  the  workers  here  to  greater 
effort.  Already  we  have  cause  for  congratulation  in  the  stand- 
ing of  our  research  laboratories,  especially  in  physical  chemistry. 
It  is  an  indication  of  a  leading  position  in  research  and  the 
advancement  of  knowledge  to  which  the  devoted  'afcors  of  the 
numerous  able  investigators  in  this  country  during  the  last 
thirty  years  have  contributed.  A  powerful  aid  which  it  is  all 
too  soon  to  appreciate  in  its  desirable  results,  is  the  immense 
funds  for  research  recently  established.  Although  primarily 
these  grants  are  made  in  furtherance  of  work  in  pure  science, 
evidently  applied  science  and  professional  chemists  will  be 
greatly  benefited.     Perhaps  the  wisest  grant  of  all  is  the  Car- 
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negie  foundation  for  the  retirement  of  teachers,  for  in  a  measure 
it  reUeves  the  teacher  during  his  earUer  years  from  the  anxiety 
of  later  need,  and  gives  him  courage  to  devote  his  residual 
energy  in  some  elYorts  for  the  advancement  of  knowledge. 
Every  institution  named  in  this  grant  is  benefited  in  its  stand- 
ing, for  it  mav  insist  that  applicants  for  positions  have  adequate 
training  for  research,  and  that  their  ambition  lies  in  that 
direction. 

In  the  changes  in  business  management  during  the  last 
decade,  and  the  transfer  of  business  control  from  private 
ownership  to  great  corporate  bodies  in  which  the  vested  prop- 
erty rights  have  passed  into  possession  of  the  general  public 
by  the  distribution  of  shares  and  bonds,  there  is  an  indication 
of  a  tendency  toward  the  creation  of  a  class  distinction  in  labor 
as  well  as  in  property  control.  It  is  not  at  present  so  apparent 
in  its  results  as  it  will  doubtless  appear  later  when  the  very 
prosperous  conditions  of  business  and  consequent  increase  in 
private  fortunes  and  lavish  expenditure  shall  inevitably  be 
affected  bv  enforced  economy  of  a  more  stringent  commercial 
situation.  At  present  all  forms  of  labor  are  employed  with 
increased  compensation  and  with  a  serious  deficiency  in  many 
directions.  But  there  is  an  evident  tendency  toward  a  lower 
valuation  of  mere  manual  force  and  an  increased  valuation 
of  mental  agency.  In  corporate  control  success  depends,  in 
some  directions  altogether,  on  the  personal  qualifications  of 
a  superintendent  or  manager,  and  the  right  sort  of  men  are 
much  sought  for  and  difficult  to  secure.  The  pressing  need  is 
for  managers  of  executive  capability  for  manipulating  men  and 
methods,  and  it  has  developed  so  suddenly,  it  is  all  too 
soon  for  the  production  of  an  adequate  supply.  A  great  busi- 
ness corporation  can  be  created  in  a  day ;  but  years  are  neces.^ ary 
to  produce  men  who  can  manage  its  departments. 

Class  distinction  in  labor  will  appear  in  the  elevation  of 
skilled  labor,  the  thoroughly  trained  man  of  science  of  execu- 
tive ability,  and  the  manager,  and  the  degradation  of  brute 
force  as  it  is  embodied  in  the  individual  whose  possession 
consists  only  in  what  nature  has  conferred  on  him.  \\  hat  will 
become  of  the  latter  as  the  labor  of  his  hands  is  more  and  n:ore 
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completely  replaced  by  machinery  that  can  do  his  work  better, 
is  one  of  the  great  problems  of  the  future.  It  will  be  a  question 
of  the  survival  of  the  fittest,  and  one  that  has  a  lively  interest 
for  the  youth  who  is  now  deciding  what  his  future  shall  be,  for 
this,  and  other  similar  phases  of  social  and  industrial  life  will 
be  brought  prominently  into  view  during  his  generation. 

A  feature  of  modern  progress  that  has  an  intense  per- 
sonal interest  to  every  individual  in  active  business  life  is 
the  tenure  of  activity.  Formerly  the  connection  with  affairs 
of  business  was  co-incident  with  life  itself.  But  the  old-time 
methodical,  slow-moving  habits  of  the  last  generation  of  busi- 
ness men  whose  attendance  in  the  counting  room  included 
the  daily  working  hours,  has  given  place  to  close  connections 
by  telegraph,  telephone,  limited  trains  and  other  inventions 
that  tax  human  endurance.  The  father  attended  to  his  corre- 
spondence, writing  all  his  letters;  the  son  takes  up  a  pen  only 
to  sign  checks  and  documents.  The  youth  of  the  present  day 
must  amass  his  fortune,  make  his  reputation,  get  his  enjoy- 
ment and  pleasure  in  business  affairs  and  be  ready  to  resign 
his  place  to  another  at  the  age  of  fifty  or  sixty  years,  at  just  the 
period  of  life  when  the  normal  man  should  be  in  his  prime, 
and  able  to  render  his  best  servdce  by  reason  of  his  experience 
and  mature  judgment.  This  is  a  serious  limitation  for  voung 
men  who  have  spent  eight  years  or  more  of  their  lives  in  gain- 
ing an  education,  although  the  graduate  of  the  school  of  science 
has  an  advantage  over  those  who  select  other  professions  that 
require  three  years  or  more  of  additional  preparation,  which 
with  subsequent  office  practice  render  it  scarcely  possible  for 
the  young  lawyer  or  doctor  to  start  out  in  business  for  himself 
much  before  the  age  of  thirty  years.  In  taking  a  position 
immediately  after  graduation  in  the  manufactory  the  man  of 
science  is  making  his  way  while  he  is  gaining  his  business  ex- 
perience. Ten  or  fifteen  years  at  least  are  necessary  to  develop 
the  productive  capacitv  of  any  man.  and  the  remaining  few 
years  permitted  to  him  for  accumulation  demand  the  utmost 
concentration  of  effort.  What  will  be  the  result  of  this  intense 
strain,  and  the  effects  of  such  a  time  limit  on  what  the  average 
man  hopes  to  accomplish,  can  only  be  ascertained  bv  future 
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observation.  But  the  situation  is  inevitable,  and  the  young- 
man  is  wise  who  heeds  for  his  future  the  counsel  and  experience 
of  his  elders. 

It  would  seem  that  these  various  influences  have  an  important 
bearing  on  the  present  and  future  conditions  of  practical  edu- 
cation in  determining  what  the  student  mav  expect  who  seeks 
a  suitable  preparation  for  the  profession  that  will  absorb  his  best 
energies  and  that  shall  constitute  his  life  work.  It  is  of  less 
consequence  where  he  is  educated  provided  he  attains  the 
mental  poise  and  attitude  that  enable  him  to  grasp  funda- 
mental truths  and  to  apply  them  correctly  in  the  accomplish- 
ment of  great  undertakings. 
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SOME  PROBLEMS  CONNECTED  WITH  DEEP  MLXING 
/A'  THE  LAKE  SUPERIOR  COPPER  DISTRICT. 


The  copper  Tniaes  of  the  Lake  Superior  district  are  essentially 
low  grade.  Their  profitable  operation  is  made  possible  by  the 
great  extent  of  the  lodes,  their  comj^rative  uniformity  of 
character,  and  the  investment  of  great  sums  of  money  to  main- 
tain operations  on  a  vast  scale  over  a  long  period  of  years. 

\\'ith  but  one  important  exception,  the  lodes  are  the  vesicular 
tops  of  ancient  lava  flows  which,  subsequent  to  solidification, 
have  had  the  cavities  wholly  or  partly  filled  by  the  deposition 
of  various  minerals,  among  which  is  native  copper.  They 
dip  at  angles  varying  from  38°  to  70°. 

The  modem  shafts  through  which  the  rock  is  hoisted  are 
either  inclined,  following  the  plane  of  the  lode,  or  are  vertical. 
The  incHned  shafts  are  of  dimensions  such  as  to  provide  for 
two  railroads  of  approximately  standard  gauge  on  which  run 
the  "skips"  which  are  operated  in  balance.  In  addition  there 
is  room  for  the  ladder  way  and  air  pipes,  usually  placed  at 
one  side.  The  vertical  shafts  have  compartments  providing 
usually  for  "cages"  and  pipe  and  ladder  way.  Several  of  the 
inclined  shafts  are  over  5,000  feet  long.  One  has  a  length 
of  8,100  feet.  Of  the  vertical  shafts  the  three  deepest  are, 
respectively,  about  5,200,  5,000,  and  4,900  feet  deep. 

Long  before  such  depths  were  actually  reached  there  arose 
the  question  as  to  a  possible  limit  set  by  the  ultimate  crushing 
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strength  of  the  rock  which  is  penetrated.  Manifestly,  mining 
cannot  go  to  a  depth  such  that  the  weight  on  walls  of  drifts 
and  stopes  will  exceed  the  ultimate  strength  of  the  material 
of  w'hich  they  are  composed.  There  is  a  widespread  impression 
that  the  lake  mines  are  approaching  such  a  limit.  There  are 
current  statements  to  the  effect  that  pieces  of  rock  occasionally 
snap  off  the  rock  faces  because  of  the  great  strain,  and  are 
violently  projected  as  if  propelled  by  an  explosive. 

In  this  connection  a  few  figures  will  be  of  interest.  The 
average  density  of  the  rock  of  the  copper-bearing  series  is  not 
far  from  2.87,  that  is,  a  cubic  foot  weighs  about  179.3  pounds. 
Therefore,  a  horizontal  square  foot  of  area  at  5,000  feet  from 
the  surface  has  above  it  a  column  of  rock  weighing  448  tons. 
The  ultimate  crushing  strength  of  the  average  rock  is  not  well 
known,  but  since  it  is  mostly  trap  this  may  be  safely  assumed 
as  at  least  1,200  tons  per  square  foot.  If,  therefore,  the  square 
foot  above  defined  carries  the  entire  column  above  it,  it  is  loaded 
to  much  less  than  half  the  crushing  strength  and  only  at  nearly 
three  times  the  assumed  depth  will  the  load  reach  its  crushing 
limit.  At  a  dip  of  38°,  the  pressure  normal  to  the  plane  of  the 
lode  at  5,000  feet  from  surface  is  only  354  tons  per  square  foot. 
It  is  in  this  direction  that  the  crushing  forces  are  mostly  called 
into  play.  As  the  dip  increases  this  normal  pressure  of  course 
diminishes.  At  52°  it  is  278  tons,  and  at  70°, it  is  152  tons  per 
square  foot. 

However,  the  matter  does  not  end  here.  The  removal  of  large 
portions  of  the  copper  zone  leaves  considerable  areas  of  the  roof 
or  hanging  wall  to  be  supported  by  the  pillars  which  are  left 
for  the  purpose,  or  by  the  walls  of  the  opening,  or  by  both. 
The  weight  on  pillars  and  walls  is  thus  increased  and  may 
e.isily  approach  the  crushing  limit.  Take,  for  example,  a  long 
pillar  50  feet  wide  having  on  either  side  an  open  space  of  150 
feet.  Suppose  it  in  a  lode  dipping  38°.  Allowing  for  neither 
rigiditv  nor  arching,  and  supposing  the  weight  on  the  pillar 
evenly  distributed,  at  5,000  feet  deep  it  would  be  subjected 
to  a  pressure  of  1,239  tons  per  square  foot,  a  pressure  under 
which  it  would  fail. 

As  a  matter  of  fact,  in  such  a  case  the  rigidity  of  the  rock 
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mass  distributes  a  large  part  of  the  load  out  over  the  rock 
beyond  the  walls  of  the  opening.  That  this  rigidity  may  be 
considerable  is  illustrated  in  several  cases  where  areas  of  hanging 
as  wide  as  :<?oo  feet  or  more  have  no  support  between  walls, 
and  yet  have  stood  up  for  several  years.  Thev  are  not,  how- 
ever, at  maximum  depth. 

In  such  an  area  a  pillar  when  first  cut  out  may  have  to  carry 
but  little  more  than  its  previous  load.  As  the  hanging  wall 
slowly  bends  the  pillar  must  take  up  more  and  more  of  the  extra 
weight.  This  is  not  applied  uniformly.  As  the  rock  between 
pillars  and  walls  bends  downward  the  tendencv  is  to  concentrate 
the  load  at  the  edge  or  face  of  the  pillar,  or  wall,  much  as  a  beam 
does  when  supported  in  like  manner.  The  outer  parts  of  the 
pillar  may  thus  become  overloaded  and  here  it  will  fail. 

It  does  so  by  the  splitting  off  of  pieces  of  rock  much  as  may 
sometimes  be  obser^'ed  with  a  specimen  in  the  testing  machine, 
though  on  a  much  greater  scale.  These  pieces  break  from  the 
base  as  well  as  the  top,  and,  as  a  rule,  like  any  hard  rock  under 
a  crushing  load,  the  pillar  fails  suddenly.  Small  pieces  of  rock 
may  fly  to  a  considerable  distance,  and  such  occurrences  have 
undoubtedly  given  rise  to  the  above  mentioned  exaggerated 
impression  of  the  compressive  stress  to  which  the  rock  is  sub- 
jected in  the  lowest  levels. 

The  hanging  rock  mass  moves,  of  course,  when  the  pillar 
crushes,  and  the  vibration  due  to  the  sudden  though  slight  dis- 
placement is  often  conveyed  to  the  surface.  The  result  is  a 
miniature  but  perfectly  genuine  earthquake  which  may  be  felt 
over  a  distance  several  times  that  of  the  pillar  from  the  surface. 
With  the  crushing  of  the  pillar  and  the  movement  of  the  hanging 
a  readjustment  of  the  weight  takes  place,  and  the  process  begins 
over  again.  Instead  of  the  process  being  repeated  exactly  it  is 
possible  for  the  hanging  to  break  in  such  a  manner  that  the 
arching  effect  may  protect  this  pillar,  and  place  the  load  on 
others.  Eventually,  at  great  depths,  the  hanging  and  foot 
must  come  together,  and  in  one  mine  the  final  steps  in  the 
process  came  so  rapidly  as  to  completely  wreck  it. 

The  pressure  normal  to  the  plane  of  the  lode  is  not  the  only 
action  which  may  appear.     The  pillars  are  not,  as  a  rule,  sepa- 
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rate  from  either  foot  or  hanging.  They  are  parts  of  the  same 
rock  mass,  and  it  is  not  possible  for  the  hanging  to  shde  over  the 
pillar.  In  consequence  the  readjustments  which  take  place 
when  a  pillar  fails  as  above  described  sometimes  put  an  enormous- 
longitudinal  thrust  on  the  foot,  and  in  places  its  surface  portion 
has  buckled  up  under  such  stress.  Also,  at  points  where  shaft 
pillars  have  been  weak,  shafts  have  been  pinched  and  twisted 
under  the  same  conditions  so  as  to  interfere  with  their  operation. 

Experience  seems  to  have  shown  that  at  the  great  depths 
recently  reached  it  is  useless  to  expect  to  hold  up  the  hanging 
rock  mass  for  a  long  time  by  any  scheme  of  pillars  unless  far 
too  much  of  the  lode  is  left  in  place,  and  that  the  only  feasible 
method  is  to  cut  away  the  entire  lode  and  permit  the  hanging  to 
cave  as  rapidly  as  it  will  to  the  point  where  the  broken  rock  fills 
again  the  whole  space,  and  redistributes  the  weight  over  the 
footwall.  Followingthisplan,cuttingoutthe  lode,  or  "stoping,"^ 
beginsat  the  point  furthest  from  the  shaft,  and  progresses  toward 
it.  With  a  wide  shaft  pillar,  or  with  the  shaft  in  the  footwall, 
with  some  such  general  method  which  avoids  concentration  of 
pressure  where  it  can  do  harm,  there  seems  no  reason  to  an- 
ticipate serious  difhculties  due  to  crushing  for  a  further  depth 
at  least  as  great  as  that  already  attained. 

The  difficulties  of  surv^eying  the  mine  are  not  markedly  in- 
creased by  depth,  except  in  the  case  of  vertical  shafts.  When 
these  are  deep,  and  it  becomes  necessary  to  carry  down  an  azi- 
muth from  the  surface  by  means  of  two  plumb  lines  hung  in  the 
shaft,  there  is  presented  a  problem  of  considerable  difficulty.  It 
is  almost  impossible  to  free  the  lines  entirely  from  disturbing- 
influences  which  displace  them  from  their  normal  positions.  If 
either  lines  or  plumb-bobs  are  of  magnetic  material  the  presence 
of  iron  pipes  in  the  shaft  may  result  in  seriously  disturbing; 
them,  l-'alling  water  may  be  in  such  quantity  and  so  direcced 
as  also  to  affect  the  position  of  the  lines. 

However,  the  air  currents,  which  can  not  be  wholly  eliminated 
whatever  the  precautions  taken,  are  the  most  serious  cause  of 
disturbance.  The  temperature  at  the  bottom  of  the  shaft  is 
higher  than  that  at  the  top,  and  in  consequence  convection  cur- 
rents are  formed.     The  heat   supplied  from  the   surrounding 
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rock  keeps  them  up.  Indeed,  with  moderately  steady  tempera- 
ture at  the  surface,  and  wi.h  the  shaft  idle,  a  remarkably  stable 
condition  of  these  air  currents  may  come  about.  Elsewhere 
observations  have  been  published  by  the  writer,*  showing  that 
their  effect  on  a  plumb  line  mav  remain  sensibly  constant  for 
hours  at  a  time  while  deflecting  the  line  from  its  veriical  position. 
The  stability  of  the  currents  is  made  possibly  by  the  large  gross 
section  of  the  vertical  shafts,  10  feet  by  22  feet  to  10  feet  by  30 
feet  outside  of  timbers,  thus  giving  a  large  air  body,  and  the 
constancy  of  the  rock  temperatures,  and  the  supply  of  heat 
through  the  shaft  walls.  AA'hen  we  take  account  of  the  fact 
that  a  force  equivalent  to  a  horizontal  pressure  of  10  grains  on  a 
60-pound  plumb-bob  suspended  by  a  line  4,000  feet  long  will 
displace  the  bob  one-tenth  of  a  foot  from  its  normal  position,  it 
is  easy  to  see  how  apparently  slight  causes  may  produce  appre- 
ciable error  in  azimuth. 

General  attention  was  first  attracted  to  this  problem  by  the 
very  noticeable  divergence  of  two  long  plumb  lines  hung  in 
shaft  number  five  of  the  Tamarack  mine.  Of  course,  diver- 
gence alone  would  not  affect  azimuth,  but  the  question  con- 
fronting the  surveyor  is  whether  the  divergence  may  not  be 
due  to  some  cause  which  may  also  displace  one  or  both  of  the 
lines  in  a  direction  perpendicular  to  their  plane.  In  the  case 
mentioned  it  required  a  great  deal  of  investigation  and  experi- 
ment to  fasten  the  responsibility  on  the  currents  of  air. 

It  is  remarkable  how  many  persons  are  ready  to  accept  as  an 
explanation  of  such  divergence  the  statement  that  there  is  an 
excess  of  gravitation  on  each  bob  horizontally  toward  the  end 
wall  nearest  to  which  it  hangs.  All  are  familiar  with  the  picture 
in  the  text-books  of  the  plumb  line  hanging  near  the  face  of  a 
precipice  being  deflected  from  the  vertical  by  the  attraction  of 
the  mountain  mass.  The  idea  so  strikingly  conveyed  by  this 
picture,  while  qualitatively  correct,  seems  in  mos':  minds  to 
be  quantitatively  wrong.  There  is  an  excess  of  attraction  on 
the  bobs  as  seated,  bu':  its  amount  is  far  too  insignificant  to 
account  for  any  observed  divergence.      At  Tamarack  number 

*S2e  Engineering  and  Mining  Journal,  April  26,  1902;  Also  Electrical 
World,  April  26,  1902. 
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five  it  could  account  for  no  more  than  one  one-thousandth  of  a 
foot.  The  convergence  of  vertical  lines  in  that  instance  is  over 
three  times  this  amount. 

The  fact  remains  that  the  surveyor  who  must  thus  transfer 
an  azimuth  from  the  surface  down  a  very  deep  shaft  has  a  prob- 
lem, the  proper  handling  of  which  must  involve  a  careful 
study  of  the  local  conditions,  particularly  in  regard  to  air  cir- 
culation. 

Increased  depth  tends  to  lessen  the  output  of  a  given  shaft, 
and  in  the  effort  to  prevent  this,  and  also  to  reduce  hoisting 
charges,  loads  have  grown  larger,  likewise  the  speed  at  which 
they  are  hoisted.  Loads  of  nearly  seven  tons  are  being  raised 
on  some  of  the  inclines  at  speeds  up  to  40  miles  per  hour. 

A  considerable  item  in  the  hoisting  charges  is  the  cost  of 
maintenance  of  the  skip  road,  the  exp2nse  p^r  ton  for  this  pur- 
pose increasing  with  the  length  of  the  shaft.  The  usual  skip 
road  is  carried  on  heavy  timbers  which  are  placed  transverselv 
along  the  foot,  and  support  large  stringers  to  which  the  rails  are 
spiked.  The  expense  of  maintenance  of  this  road  for  great 
depths  is  such  that  some  of  the  mines  are  substituting  for  it  a 
road  consisting  of  a  rail  attached  to  a  concrete  stringer  which 
is  borne  directly  on  the  rock  of  the  foot  wall. 

The  stringer  proper  is  about  13^  inches  wide  by  14  inches 
high.  Beneath  it  and  supporting  it  is  a  mass  of  concrete  16 
inches  to  18  inches  wide  extending  to  the  rock.  The  depth  of 
this  supporting  mass  varies  considerably,  depending  on  the 
irregularities  of  the  rock  face  to  which  it  is  attached.  It  ranges 
all  the  way  from  4  inches  to  2h  feet,  and  there  is  no  reason  why 
these  limits  might  not  occasionallv  be  exceeded.  The  stringer 
and  supporting  mass  are  structurally  one  piece,  being  molded 
together.  The  stringer  portion  is  reinforced  by  means  of  a 
i^-inch  steel  cable  passing  longitudinally  through  its  interior. 
The  rail  is  attached  by  bolts  which  are  spaced  three  feet  apart, 
and  hold  it  by  means  of  clips  which  grasp  the  rail  flange.  The 
bolts  pass  through  the  stringer  into  a  rectangular  opening  about 
three  by  four  inches  in  section,  which  passes  quite  through  the 
concrete,  and  affords  access  to  the  lower  end  of  the  bolt. 

In  building  the  road  a  form  of  plank  is  constructed  having 
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the  cross-section  of  the  stringer,  and  a  length  of  15  feet.  To  its 
lower  side  are  nailed  the  cores  for  the  bolt  openings  just  men- 
tioned. The  top  is  left  open.  From  one  to  three  of  these  forms 
are  supported  in  place  underground  by  suitable  means,  and  to 
the  sides  are  nailed  boards  extending  downward  to  the  rock. 
These  make  the  form  for  the  supporting  part  underneath  the 
stringer  proper.  When  all  is  firmly  secured  the  rock  face  is 
thoroughly  washed,  and  the  concrete  is  filled  in,  beginning  at 
the  lower  end.  The  mixture  used  is  one  part  Portland  cement, 
three  of  sand  and  five  of  crushed  rock,  and  it  is  tightly 
rammed  in  place.  As  the  filling  proceeds,  the  top  of  the  form,  or 
the  cover,  is  completed  by  nailing  on  short  pieces  of  plank.  In 
the  roads  which  have  been  built  at  a  slope  of  70°  the  structure 
is  anchored  to  the  footwall  by  heavy  bolts  spaced  8  feet  apart. 
When  the  concrete  has  hardened  sufificiently  the  form  is  removed 
and  the  rail  is  bolted  in  place.      The  road  is  then  complete. 

The  first  of  these  roads  has  been  operating  some  three  years,, 
and  has  proved  so  satisfactory  that  the  others  have  followed. 
Expectation  regarding  cost  of  maintenance  has  been  fully  realized,, 
and,  in  addition,  it  has  been  found  that  the  original  cost  of  the 
road  is  less  than  that  of  wooden  construction.  Its  disadvan- 
tages seem  to  be  confined  to  the  fact  that,  due  to  the  unyielding 
nature  of  the  support,  the  effect  of  a  blow  must  be  absorbed 
between  wheels  and  rail,  resulting  in  a  perceptiblv  greater  dete- 
rioration of  both.  Howover,  this  is  far  more  than  compensated 
by  the  decreased  cost  in  other  directions  and  the  fireproof 
character  of  the  road. 

In  the  effort  to  counteract  the  increased  costs  due  to  great 
depth  the  economical  generation,  distribution  and  use  of  power 
have  naturally  received  large  attention.  The  long  period  of 
operation  necessary  makes  it  worth  while  to  expend  large 
amounts  of  money  in  installing  machinery  of  large  capacity  and 
high  economv.  The  extreme  in  the  direction  of  high-duty 
engines  is  represented  at  present  in  the  Nordberg  quadruple  ex- 
pansion, two-stage  air  compressor  operating  at  the  Champion 
mine.  The  engine  is  equipped  with  Nordberg's  regenerative 
feed-water  heating  svstem.  It  holds  the  world's  record  for  min- 
imum consumption  of  heat  per  foot-pound  of  work  delivered. 
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having  shown  a  duty  of  195,000,000  foot-pounds,  bemg  about  9 
per  cent,  in  advance  of  its  nearest  competitor.* 

But  one  mine  is  so  situated  to  be  able  to  make  use  of  water 
pow'er.  The  \'ictoria,  located  near  the  Ontonagon  River,  has 
a  considerable  water  power  available  which  has  been  utilized 
in  a  novel  manner.  Distance  from  source  to  points  of  appli- 
cation is  not  great  and  the  power  for  both  mine  and  mill  is 
distributed  by  compressed  air.  Moreover,  the  falling  water 
o])erates  directly  on  the  air  without  the  intervention  of  water- 
wheel  or  other  machine. 

Roughly  speaking,  this  ''hydraulic  air  compressor"  consists 
of  a  large  underground  chamber  cut  from  the  solid  rock  and 
having  a  length  of  281 .5  feet,  a  width  of  18  feet  and  a  depth  of  26 
feet.  In  normal  operation  the  lower  portion  of  the  chamber  is 
filled  with  water  to  a  level  of  14.5  feet  from  its  roof.  The 
remainder,  having  a  capacity  of  over  80.000  cubic  feet,  is  filled 
with  air  at  114  pounds  gauge.  The  water  outlet  is  through  a 
tunnel  18  feet  wdde  and  10  feet  high,  the  bottom  of  the  tunnel 
being  a  continuation  of  the  horizontal  floor  of  the  chamber. 
This  tunnel  opens  into  an  inclined  shaft  about  1 8  by  20  feet  in 
cross- section,  the  discharge  level  of  w^hich  is  271  feet  above  the 
water  level  in  the  chamber.  The  outlet  for  air  is  a  24-inch 
pipe  leaving  the  chamber  through  the  roof  directly  above  the 
tunnel  outlet. 

The  inlet  for  both  water  and  air  is  through  three  vertical 
shafts,  each  5  feet  in  interior  diameter,  opening  through  the 
roof  of  the  chamber  at  the  end  opposite  to  the  outlets.  Each 
shaft  is  tightly  lined  with  concrete,  and  is  continued  down  into 
the  chamber  by  means  of  a  somewhat  flaring  steel  casing  to  a 
distance  of  about  15  inches  below  the  water  level.  Just  beneath, 
and  reaching  somewhat  into  the  opening  of  the  casing,  is  a  con- 
ical boss  of  concrete.  From  water  level  in  chamber  through 
the  air  and  water-tight  shaft  to  the  water  level  at  the  intake 
above  is  343  feet.  This  is  72  feet  greater  than  the  distance 
between  the  water  levels  at  the  outlet  end,  and  this  difl"erence 
expresses  the  available  head  of  water. 

*See  description  and  report  of  test  in  paper  on  "A  High  Duty  Air  Com- 
pressor," by  Professor  O.  P.  Ho3d,  Tmn^iclijfii  American  Society  oj  Me- 
chanical Engineers,  1906. 
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At  the  intake  water  is  admitted  through  an  annular  funnel 
over  a  hollow  ring  from  the  flat  inner  periphery  of  which  project 
1, 800  three-eighth-inch  tubes  into  the  annular  opening  of  the  fun- 
nel. The  water  must  flow  over  the  mouths  of  these  tubes,  and  in 
doing  so  it  produces  the  aspirating  effect  which  entrains  the  air 
in  small  bubbles.  The  air  comes  mainly  through  the  tubes  from 
the  hollow  ring  which  has  suitable  intake  pipes  extending  above 
the  water  level.  The  mixed  water  and  air  fall  through  the  ver- 
tical shaft,  and  are  discharged  radially  from  the  annular  outlet 
formed  by  the  concrete  boss  and  steel  casing  below.  The  cur- 
rent through  the  chamber  is  slow,  and  the  air  disengages  itself, 
collecting  in  the  top  of  the  chamber,  and  displacing  the  water. 
By  its  pressure  on  the  water  surface  in  the  chamber  it  main- 
tains the  271  feet  of  difTerence  in  level  between  that  surface  and 
the  one  at  the  discharge  of  the  outlet  shaft. 

While  running  at  less  than  full  capacity  the  water  level  in  the 
chamber  is  prevented  from  being  depressed  further  than  14.5 
feet  from  the  roof  by  means  of  a  blow-oflf  pipe,  12  inches  in 
diameter,  which  opens  somewhat  below  the  normal  water  level. 
When  the  water  has  been  pushed  down  sufficiently  air  enters 
this  pipe,  and  its  escape  relieves  the  excess  of  pressure.  When 
the  blow-off  is  in  operation  the  appearance  .at  its  mouth  greatlv 
resembles  the  eruption  of  a  powerful  geyser.  The  stream  of 
spray,  due  to  the  entrance  of  water  with  the  air  from  the  cham- 
ber, is  throwTi  sometimes  to  a  height  of  400  feet. 

The  capacity  when  all  intake  shafts  are  operating  is  about 
5,000  horse-power.  So  far  but  one  intake  is  used.  This  under 
test  at  near  its  maximum  capacity  showed  an  efficiencvof  better 
than  82  per  cent,  while  delivering  11,930  cubic  feet  of  air  per 
minute  at  128  pounds  absolute  pressure. 

All  machinery  at  the  stamp  mill  and  at  the  mine,  whether  on 
the  surface  or  underground,  is  operated  bv  compressed  air. 
Besides  utilizing  cheap  power  the  compressor  has  obvious  ad- 
vantages over  the  usual  machine  in  the  absence  of  parts  to  get 
out  of  order  and  in  low  cost  of  attendance.* 

*See  description  by  A.L.  Carnahan  in  the  Mining  ]\'orld  of  August  25, 
1906,  and  by  C.H.  Taylor  in  Mining  and  Scientific  Press,  August  18, 1906. 
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The  foregoing  examples  are  presented  to  Section  D  as  illus- 
trating the  type  of  problems  which  are  arising  in  connection 
with  the  extensive  operations  at  great  depths  on  the  low-grade 
lodes  of  the  Lake  Superior  copper  district. 
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In  speaking  of  the  contributions  of  America  to  geology,  I  do 
not  propose  to  give  an  inventory  of  the  geological  facts  which 
have  been  made  known  as  the  result  of  work  in  this  country. 
An  area  of  three  million  square  miles  has  been  covered  by  geo- 
logical reconnoissance,  and  much  of  that  area  has  been  surveyed 
in  detail.  It  is,  moreover,  an  area  interesting  in  many  respects. 
It  is  a  country  of  vast  mineral  wealth,  leading  the  world  in  the 
production  of  coal,  petroleum,  salt,  iron,  copper,  silver,  and  lead, 
and  ranking  with  Australia  and  South  Africa  as  one  of  the  three 
great  gold-producing  regions  of  the  world.  It  is  a  country  pre- 
senting a  remarkable  variety  of  topography  and  geological 
structure;  and  some  of  its  scenic  features  can  be  adequately 
described  only  in  superlatives.  It  includes  vast  prairies  of  great 
fertility ;  the  Missouri-Mississippi  river  system,  with  thousands 
of  miles  of  navigable  waters;  the  broad  and  complex  mountain 
mass  of  the  Cordillera ;  the  Great  Lakes  of  the  Canadian  border, 
a  chain  of  fresh-water  seas;  the  sublime  cataract  of  Niagara; 
the  remarkable  region  of  interior  drainage  of  the  Great  Basin; 
the  geysers  of  the  Yellowstone;  the  caiion  system  of  the  Colo- 
rado and  its  tributaries,  unparalleled  in  depth  and  extent ;  the 
lava  flood  of  the  northwest,  surpassed  in  area  only  by  that  of  the 
Deccan.  The  exploration  of  a  region  so  vast  and  so  varied  must, 
of  course,  have  made  an  important  addition  to  the  facts  upon 
which  geological  science  is  founded. 
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Of  these  facts,  however,  I  do  not  propose  to  give  even  an  out- 
line. I  propose  rather  to  ask  the  question,  "What  has  our 
countrv  contributed  to  the  stock  of  geological  ideas?"  In  that 
classical  history  of  geological  science  which  Lyell  has  given  us 
in  his  ' '  Principles  of  Geology,"  he  calls  attention  to  the  fact  that 
the  share  which  different  nations  bore  in  the  early  development 
of  geological  science  was  dependent  not  alone  upon  the  genius 
of  individual  workers,  but  in  large  measure  upon  the  peculiar 
geological  conditions  of  the  various  countries  in  which  they 
worked.  It  was  in  the  presence  of  the  varied  mineral  wealth  of 
the  Erzgebirge  that  Werner  laid  the  foundations  of  mineralogy 
and  lithologv;  the  magnificent  display  alike  of  igneous  and  of 
aqueous  agencies  in  the  Highlands  of  Scotland  helped  to  guide 
Hutton  to  those  theoretical  views  which  were  the  beginning  of 
modern  dvnamical  geology;  the  remarkable  completeness  v/ith 
which,  for  an  area  so  small,  the  series  of  stratified  formations  is 
developed  in  England,  gave  William  Smith  the  opportunity  to  lay 
the  foundations  of  stratigraphical  geology;  and  the  abundant 
vertebrate  fossils  in  the  Paris  basin  enabled  Cuvier  to  create 
the  science  of  paleontology.  That  history  of  the  labors  which 
founded  our  science  in  the  close  of  the  eighteenth  and  the  begin- 
ning of  the  nineteenth  century,  suggests  the  question  whether 
there  have  been  developed  any  characteristically  American 
ideas  in  geology. 

Of  course,  it  must  be  admitted  that  there  is  to-day  no  depart- 
ment of  geological  science  which  is  as  characteristically  American 
as  mincralogv  was  German,  and  dynamical  geology  was  Scotch, 
and  stratigraphical  geology  was  English,  and  paleontology  was 
French,  a  centurv  ago.  The  conditions  of  life  in  colonial  days 
and  in  the  early  decades  of  our  national  history  did  not  afford 
the  opportunitv  for  fruitful  scientific  investigation.  We  had 
no  universities,  no  libraries,  no  museums,  that  could  be  com- 
pared with  those  of  the  Old  World.  The  conquest  of  the  land 
from  forest  and  wild  beast  and  savage  man,  the  achievement  of 
national  independence,  the  beginning  of  the  development  of 
national  wealth,  necessarily  preceded  the  beginning  of  scientific 
investigation.  When  the  time  came  for  scientific  work  in  this 
country,    geology   had   already   become   a   recognized   science. 
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That  early  stage  of  incompleteness  in  which  one  department  was 
developed  here  and  another  there,  had  passed.  It  was  too  late 
for  any  country  to  create  a  new  department  in  geology.  I  be- 
lieve, nevertheless,  that  there  have  been  certain  contributions 
to  the  stock  of  geological  ideas  which  are  characteristically 
American  ;  and  that  it  is  not  fanciful,  in  the  spirit  of  that  passage 
of  Lyell  which  I  have  cited,  to  connect  these  characteristically 
American  ideas  with  our  geological  environment. 

I.   THE  permanence;  of  continents. 

Among  the  early  state  geological  surveys  there  were  two 
commenced  in  1836  which  were  destined  to  have  in  different 
ways  a  surpassing  influence  upon  the  development  of  geological 
thought.  Those  were  the  surveys  of  New  York  and  Pennsvl- 
vania.  In  passing  southwestward  across  New  York,  from  the 
Adirondacks  to  the  Pennsylvania  border,  one  would  traverse 
substantially  the  whole  series  of  Paleozoic  formations  from  the 
Cambrian  to  the  Carboniferous,  most  of  these  formations  ex- 
tending across  the  state  in  approximately  parallel  east  and  west 
bands.  That  remarkably  complete  development  of  the  Paleo- 
zoic series  made  the  stratigraphy  of  New  York  a  standard  of 
comparison  for  the  subsecjuent  study  of  the  Paleozoic  strata 
throughout  the  eastern  United  States,  as  the  stratigraphy 
of  England  had  already  become,  in  its  broader  outlines,  a  stand- 
ard of  comparison  for  the  world.  But  that  regular  succession 
of  Paleozoic  strata  from  the  Adirondacks  to  the  Pennsylvania 
border  was  suggestive  of  a  dynamic  idea.  It  suggested  a 
gradual  emergence  of  the  land  from  the  waters  of  the  sea.  In 
later  years,  as  geological  investigation  extended  westward,  a 
somewhat  similar  succession  could  be  traced  in  the  Mississippi 
basin,  southward  from  the  Archaean  mass  north  of  the  Great 
Lakes.  The  doctrine  of  the  permanence  of  continent  and  ocean 
— the  gradual  emergence  of  continental  lands  and  the  with- 
drawal of  the  waters  into  the  deepening  ocean  basins — was  first 
enunciated  by  Dana  in  1846.*  He  had  just  returned  from  his 
voyage  around  the  world  in  Wilkes's  exploring  expedition.     In 

*Am.  Journal  oj  Science,  (2)  ii,  352-355. 
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that  voyage  he  had  studied  the  phenomena  of  barrier  reefs  and 
atolls,  had  adopted  Darwin's  theory  of  their  origin  by  subsidence, 
and  had  defended  and  illustrated  the  theory  by  a  far  greater 
wealth  of  observation  than  Darwin's  route  had  afYorded  him  the 
opportunity  to  make.  It  was,  apparently,  the  thought  of  the 
subsiding  ocean  bottom,  rather  than  the  thought  of  the  emerg- 
ing land,  by  which  Dana  was  first  led  to  the  doctrine  of  the  per- 
manence of  continent  and  ocean ;  but,  in  his  presidential  address 
before  the  American  Association  for  the  Advancement  of  Science, 
in  1855,  he  refers  to  the  stratigraphy  of  New  York  as  illustrat- 
ing the  idea  of  continental  emergence.  The  generation  of  stu- 
dents who  have  learned  geology  from  Dana's  "Manual"  and 
"Text-book,"  will  rem.ember  how  prominently  he  brings  for- 
ward the  succession  of  Paleozoic  formations  in  New  York,  as 
illustrating  his  conception  of  the  gradual  emergence  of  the  land 
from  a  continental  sea. 

The  doctrine  of  the  permanence  of  continents  when  announced 
by  Dana  was  essentially  a  new  one.  Geologists  and  pseudo- 
geologists  of  all  classes  had  felt  at  liberty  to  redistribute  con- 
tinents and  oceans  according  to  their  own  sweet  will.  After  the 
biblical  pseudo-geologists  had  become  convinced  of  the  impos- 
sibility of  the  deposition  of  the  whole  series  of  fossiliferous  strata 
in  the  Noachian  deluge,  their  next  shift  was  the  supposition  that 
the  fossiliferous  strata  had  been  deposited  in  the  ocean  in  the 
interval  between  the  creation  and  the  deluge,  and  that  at  the 
time  of  the  latter  event  continent  and  ocean  were  reversed. 
Hutton  believed  that  the  debris  of  the  continents  was  carried 
far  out  to  sea  by  means  of  ocean  currents,  and  was  deposited 
over  substantially  the  whole  floor  of  the  ocean;  and,  when  one 
continent  was  worn  away,  another  might  be  uplifted  in  some 
other  part  of  the  world.*  Lyell  ehminated  the  catastrophic 
element  of  Mutton's  theorizing;  but,  like  his  predecessor,  Lyell 
believed  in  an  indefinite  amount  of  change  in  the  distribution 
of  continent  and  ocean.  In  attempting  to  find  a  geological 
explanation  for  changes  of  cUmate,  he  felt  at  liberty  to  specu- 
late on  a  series  of  changes  in  the  distribution  of  continent  and 
ocean  which  would  sometimes  bunch  the  continents  around  the 

*Playfair,  Illustrations  of  the  Huttonian  Theory,  note  xix. 
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poles,  and  at  other  times  girdle  the  earth  with  an  equatorial 
belt  of  land.*  The  readers  of  Darwin's  "Letters"  will  remem- 
ber his  half  comic,  half  pathetic  protest,  in  a  letter  to  Lyell,  that 
the  disciples  of  the  great  geologist  "in  a  slow  and  creeping  man- 
ner beat  all  the  old  catastrophists  who  ever  lived. "f 

There  is  now  little  doubt  that  Dana  was  right  in  his  general 
conception.  The  greater  density  of  the  suboceanic  masses  in 
comparison  with  the  subcontinental  masses,  as  shown  by  pen- 
dulum observations,  indicates  that  the  distinction  between 
continent  and  ocean  has  its  basis  in  the  heterogeneity  of  the 
material  in  the  interior  of  the  earth ;  and  the  determining  con- 
ditions must,  therefore,  have  had  their  origin  in  the  initial  aggre- 
gation of  that  part  of  the  primitive  nebula  which  formed  the 
earth;  or,  perhaps,  as  suggested  by  Chamberlin  and  Salisburv, 
in  changes  attendant  upon  the  beginning  of  the  formation  of 
the  ocean.  The  study  of  the  sedimentary  rocks  which  cover 
our  existing  continents  shows  that  almost  all  of  them  were 
deposited  in  shallow  waters;  many  of  the  strata,  indeed,  in 
waters  so  shallow  that  the  layers  of  mud  and  sand  were  from 
time  to  time  exposed  by  the  receding  tide  or  the  subsiding 
freshet,  to  dry  and  crack  in  the  sun  or  to  be  pitted  by  rain- 
drops. None  of  the  sedimentary  deposits  seem  to  have  been 
formed  in  waters  of  truly  oceanic  depth. 

Certain  it  is,  however,  that  Dana  made  the  evolution  of  the 
continents  too  simple  an  affair.  He  recognized,  indeed,  that 
the  progressive  emergence  of  the  continental  lands  was  attended 
by  continual  oscillation ;  yet,  even  in  the  last  edition  of  his 
"Manual,"  it  appears  that  he  did  not  duly  appreciate  the  magni- 
tude of  those  oscillations.  We  now  know  that  in  earlv  Cam- 
brian time  the  Mississippian  sea  was  only  a  sound  or  strait,  most 
of  the  area  in  which  the  Trenton  limestone  was  subsequentlv 
deposited  being  then  dry  land.  Only  gradually  did  the  Appal- 
achian strait  widen  out  into  the  Mississippian  sea.  A  true  con- 
ception of  continental  evolution  must  recognize  two  comple- 
mentary truths:  a  wide  range  of  oscillatory  movement,  and 
yet  on  the  whole  a  progressive  deepening  of  ocean  basins  and  a 

*Principles  of  Geology,  nth  edition,  New  York,  1872,  vol.  i,  p.  271. 
■\Life  and  Letters,  Nev  York,  1888,  vol.  i,  p.  431. 
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progressive  emergence  of  continental  lands.  Chamberlin  has 
formulated  the  doctrine  of  an  alternation  of  marine  and  con- 
tinental periods  due  to  an  intermittently  progressive  deepening 
of  the  ocean  basin,*  and  has  connected  therewith  an  ingenious 
and  beautiful  theory  of  climatic  changes  in  geological  time. 

The  doctrine  of  the  progressive  evolution  of  continents,  as 
taught  by  Dana,  gave  new  clearness  and  emphasis  to  the  general 
conception  of  geology  as  a  history  of  the  globe.  Le  Conte,  in 
his  cordial  and  generous  eulogy  of  Dana,  declared  that  "geology 
became  one  of  the  great  departments  of  abstract  science,  with  its 
own  characteristic  idea  and  its  own  distinctive  method,  under 
Dana."t  There  is  certainly  somewhat  of  exaggeration  in  this 
commendation,  yet  the  statement  contains  an  important  truth. 
More  or  less  clearly,  all  geological  investigators  must  have  felt 
that  the  distinctive  idea  of  geology  is  that  the  structures  of  the 
rocks  of  the  earth's  crust  have  their  supreme  significance  as 
monumental  inscriptions,  the  deciphering  of  which  may  reveal 
to  us  the  history  of  the  earth.  Yet  this  conception  was  never 
before  so  clearly  formulated,  and  the  whole  treatment  of  the 
subject  so  consistently  adjusted  thereto,  as  in  the  writings  of 
Dana.  The  portion  of  previous  manuals  dealing  with  the  local 
distribution  of  the  series  of  strata  had  generally  borne  some  such 
title  as  "Stratigraphical  Geology;"  and  very  commonly,  as  in 
the  well-known  works  of  Lyell  and  De  la  Beche,  the  series  had 
been  traced  backward,  beginning  with  the  most  recent  strata. 
In  Edward  Hitchcock's  "Elementary  Geology,"  with  which, 
in  my  boyhood,  I  commenced  the  study  of  the  science,  the 
stratigraphic  chapter  bears  the  title,  "Eithological  Characters 
of  the  vStratified  Rocks."  It  occupies  only  twenty  pages  in  a 
book  of  more  than  four  hundred  pages.  It  traces  the  forma- 
tions backward  in  Lyellian  fashion.  Separate  from  the  strati- 
graphic  chapter  is  another  and  longer  chapter  on  paleontology, 
which  is  arranged  botanically  and  zoologically,  and  not  chron- 
ologically. The  phrase,  "Historical  Geology,"  which  forms 
the  title  of  the  largest  section  of  Dana's  "Manual,"  involves  a 
distinct  clarification  of  the  general  view  of  the  science.     Start - 

*  Journal  of  Geology,  vi,  449-462,  597-621. 
■\Bull.  Geological  Society  of  America,  vii,  463. 
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ing  with  this  conception,  he,  of  course,  dealt  with  the  carUest 
formations  first.  In  the  treatment  of  each  era  he  endeavored 
to  reconstruct,  from  the  evidence  afforded  by  the  kinds  and  dis- 
tribution of  the  rocks,  the  physical  geography  of  the  time.  The 
subdivisions  of  that  chapter  of  the  "Manual"  are  characterized, 
not  as  series,  systems,  and  groups  of  strata,  but  as  eras,  periods, 
and  epochs  of  time.  The  common  use,  in  recent  geological 
writings,  of  such  phrases  as  "Silurian  era,"  rather  than  "Silu- 
rian system,"  etc..  is  a  testimony  to  the  influence  of  Dana's 
mode  of  treatment.* 

II.    THE    THEORY   OF    MOUNTAIN-MAKING. 

The  Geological  Survey  of  Pennsylvania,  to  which  I  have 
already  referred,  made  known  the  folded  stricture — the  alter- 
nate anticlines  and  synclines — of  the  Appalachians.  The  beau- 
tiful sections  of  these  folded  strata,  in  the  Atlas  of  that  sur- 
vey, reveal  the  thoroughness  with  which  the  structure  of  the 
mountains  was  investigated  by  Henry  D.  Rogers;  and  can  be 
studied  with  delight  to-day,  in  spite  of  the  fantastic  nomencla- 
ture which  the  student  has  to  translate  into  the  familiar  language 
of  the  New  York  Survey.  In  those  sections  it  appears  that,  in 
general,  each  fold  is  unsymmetrical,  the  dip  on  the  northwest 
side  being  steeper  than  that  on  the  southeast,  if,  indeed,  the  dip 
on  the  northwest  side  is  not  carried  beyond  the  perpendicular 
and  reversed.  While  in  each  fold,  as  a  rule,  the  dip  is  steeper 
on  the  northwest  side  than  on  the  southeast,  if  we  compare  the 
successive  folds,  we  find  the  dips  growing  more  gentle  as  we  go 
from  southeast  to  northwest.  The  nearly  vertical  or  overturned 
dips  of  the  folds  on  the  eastern  border  pass  by  a  gradual  transi- 
tion into  gentle  undulations  on  the  western  border  of  the  Appal- 
achian zone. 

While  the  stratigraphy  was  worked  out  so  bcautifullv  in  the 
first  Geological  Survey  of  Pennsylvania,  the  dynamic  conception 
derived  from  it  was  crude  indeed.  The  conclusions  of  the  author 
are  summed  up  in  the  following  sentences:  "The  wave-like 
structure  of  undulated  belts  of  the  earth's  crust  is  attributed  to 

*H.  S.  Williams,  in  Journal  of  Geology,  iii,  606,  607. 
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an  actual  pulsation  in  the  fluid  matter  beneath  the  crust,  prop- 
agated in  the  manner  of  great  waves  of  translation  from  enor- 
mous ruptures  occasioned  by  the  tension  of  elastic  matter.  The 
forms  of  the  waves,  the  close  plication  of  the  strata,  and  the 
permanent  bracing  of  the  flexures,  are  ascribed  to  the  combina- 
tion of  an  undulating  and  a  tangential  movement,  accompanied 
by  an  injection  of  igneous  veins  and  dykes  into  the  rents  occa- 
sioned by  the  bendings.  This  oscillation  of  the  crust,  producing 
an  actual  floating  forward  of  the  rocky  part,  has  been,  it  is  con- 
ceived, of  the  nature  of  that  pulsation  which  attends  all  great 
earthquakes  at  the  present  day."*  The  wave-like  form  of  the 
Appalachian  anticlines  and  synclines  is  a  beautiful  general- 
ization of  accurate  and  conscientious  observation ;  but  the 
dynamic  theory  suggested  for  its  explanation  needs  to-da}'  no 
other  refutation  tTian  its  simple  statement. 

But,  however  completely  the  Pennsylvania  geologists  failed 
to  construct  a  satisfactory  theory  of  mountain-making,  their 
observations  of  Appalachian  structure  were  of  immense  value 
in  their  destructive  effect  upon  some  of  the  notions  of  moun- 
tain-making prevalent  at  the  time.  In  the  text-books  in  the 
early  part  of  the  nineteenth  century,  a  diagram  often  appeared 
representing  a  transverse  section  of  an  ideal  mountain  range. f 
A  vertical  wall  of  crystalline  rock  forms  the  center  and  the  crest 
of  the  range.  Against  this  wall,  on  each  side,  the  oldest  strata 
lean  in  a  nearly  vertical  position ;  farther  from  the  center, 
strata  of  less  antiquity  lean  with  more  gentle  dips  against  the 
steeper  and  older  strata ;  and  finally,  on  the  flanks  of  the  moun- 
tain range,  still  newer  strata  rest  nearly  horizontally.  The 
diagram  represents  a  dislocation  of  the  strata  by  repeated 
vertical  upthrusts  of  the  crystalline  core.  Of  course,  it  was 
seen  at  once  that  there  was  nothing  common  to  these  ideal  sec- 
tions and  the  real  sections  of  the  Appalachians  revealed  by  the 
Pennsylvania  Survey.  The  billowy  form  of  the  Appalachian 
folds  meant  something,  and  something  very  different  from  the 
prevalent  conception  of  mountain  ranges.  j" 

The  true  interpretation  of  the  Appalachian  waves  is  probably 

*  Geology  of  Pennsylvania,  vol.  ii,  pt.  ii,  p.  916. 

t  Hitchcock,  Elementary  Geology,  30th  edition,  p.  191. 
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to  be  found  in  the  contractional  theory  of  mountain  elevation, 
of  which  Dana  was  the  leading  expounder.  The  views  of  Le 
Conte  on  the  subject  of  mountain-making  were  in  most  respects 
similar  to  those  of  Dana.  But,  while  Le  Conte 's  discussions 
were  of  great  value,  the  priority  in  the  general  development  of 
the  theory  belongs  to  Dana.  "To  the  North  American  geol- 
ogists," says  von  Zittel,  "undoubtedly  belongs  the  credit  of 
founding  the  theory  of  horizontally  acting  forces  and  rock- 
folding  upon  an  ample  basis  of  observation."'* 

That  the  main  cause  of  mountain  elevation  is  tangential 
pressure  in  the  crust  resulting  from  internal  contraction,  is  now 
generally  acknowledged,  though  there  may  be  doubt  whether  the 
main  cause  of  contraction  is  the  cooling  of  the  earth  from  an 
incandescent  condition,  as  assumed  in  the  commonlv  accepted 
form  of  the  nebular  theory,  or  the  gravitational  adjustment  of 
an  incoherent  mass  of  planetesimals,  as  assumed  in  the  more 
recent  hypothesis  of  Chamberlin  and  ^loulton. 

The  idea  of  the  contractional  origin  of  mountains  was  not, 
indeed,  original  with  Dana.  There  was  a  glimmer  of  the  idea 
in  the  writings  of  Leibnitz,  and  Constant  Prevost  developed  the 
idea  into  a  definite  scientific  theory;  but  the  elaboration  of  the 
theory  into  its  present  form  we  owe  chiefly  to  Dana.  His  dis- 
cussion of  the  subject  began  in  the  Journal  of  Science,  in  1847. 
In  later  years  he  returned  to  the  subject  again  and  again;  and 
the  theory,  as  shaped  by  his  maturest  thought,  appears  in  the 
last  edition  of  the  "Manual."  In  his  earlier  writings  his  views 
of  the  origin  of  continents  and  mountains  were  developed  on  the 
assumption  of  a  liquid  globe.  In  later  years  he  abandoned  that 
view  and  adjusted  his  theories  to  the  more  probable  doctrine 
of  a  globe  substantially  solid. 

The  conception  of  the  subsidence  of  the  suboceanic  crust, 
which  led  Dana  to  his  views  of  the  permanence  of  continent  and 
ocean,  is  an  important  element  in  his  theorv  of  mountain-mak- 
ing. In  the  contraction  of  the  earth's  interior,  the  suboceanic 
crust  necessarily  flattens  in  its  subsidence,  so  that  its  section 
continually  approaches  the  chord  of  the  arc,  thus  exerting  a  tan- 
gential thrust  toward  the  continental  areas.      The  rather  abrupt 

*History  of  Geology  and  Pal(eontology,  p.  307. 
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change  in  the  radius  of  curvature  in  passing  from  the  oceanic  to 
the  continental  areas,  makes  the  continental  borders  lines  of 
weakness  which  determine  in  general  the  location  of  the  great 
mountain  wrinkles.  In  the  two  continents  of  North  and  South 
America,  with  their  mountain  borders  on  the  east  and  west  and 
their  vast  interior  plains,  Dana  found  exemplified  the  typical 
continent.  Their  isolated  situation  seemed  to  allow  a  more 
typical  development  than  was  possible  in  the  Old  World,  where 
continents  are  massed  together;  as  the  laws  of  crystalline  form 
can  exhibit  themselves  in  perfection  only  where  a  single  crystal 
in  a  solution  or  magma  is  allowed  to  grow  without  interference 
from  other  growing  crystals. 

According  to  the  vews  of  Dana  and  Le  Conte,  mountain  ranges 
have  been  only  exceptionally  developed  by  geanticlinal  uplifts 
of  the  earth's  crust.  A  mountain  range,  in  general,  has  its 
birth  in  a  geosyncline — a  downward  folding  of  the  crust,  form- 
ing a  trough,  in  which  sedimentation  goes  on  pari  passu  with  the 
subsidence.  At  length,  after  long  ages  of  subsidence  and  sedi- 
mentation, the  strata  in  the  trough  are  crushed  together  into 
alternate  anticlines  and  synclines,  or  one  part  is  forced  over 
another  in  great  thrust  faults,  while  slaty  cleavage  and  more 
decided  metamorphism  may  be  produced.  The  mountain  range 
thus  produced  Dana  called  a  "synclinorium,"  while  he  suggested 
the  name  "anticlinorium"  for  a  mountain  range  formed  by  a 
permanent  geanticlinal  elevation.*  Apparently  the  actual  his- 
tory of  most  mountain  ranges  is  complex.  The  Appalachian 
range,  for  instance,  was  formed  as  a  synclinorium  at  the  close  of 
the  Paleozoic,  degraded  nearly  to  base -level  in  Mesozoic  time, 
and  again  elevated  by  a  broad  geanticlinal  movement  early  in 
Cenozoic  time.  It  represents,  therefore,  in  its  complex  history, 
Dana's  two  types  of  the  synclinorium  and  the  anticlinorium. 

There  are  unquestionably  weak  points  in  the  theory  of  moun- 
tain-making as  developed  by  Dana  and  Le  Conte;  and,  in  our 
ignorance  of  the  conditions  in  the  interior  of  the  earth,  and  of 
the  forces  there  in  action,  it  ill  becomes  us  to  be  dogmatic;  but 
the  contractional  theory  seems  worthy  of  provisional  acceptance 

*Am.  Journal  of  Science,  (3)  v,  432. 
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as  the  most  plausible  explanation  of  orogenic  movements  yet 
suggested. 

III.    GLACIAL   GEOLOGY. 

Surely  no  part  of  the  world  affords  better  opportunity  for  the 
study  of  glacial  geology  than  America.  Its  ice  sheet,  four  mil- 
lion square  miles  in  area,  far  exceeds  any  of  the  ice  sheets  of  the 
Old  A\'orld.  The  imbricated  sheets  of  till  in  the  ^Mississippi 
Valley  afford  clear  evidence  of  the  complex  series  of  glacial  and 
interglacial  epochs.  The  driftless  islands  in  the  vast  area  of  till, 
and  the  interlobate  moraines,  show  the- division  of  the  marginal 
portion  of  the  ice  sheet  into  lobes  determined  by  the  topography. 
The  old  beaches  along  the  shores  of  the  Great  Lakes,  the  living 
Niagara,  and  the  various  extinct  Niagaras,*  record  the  stages 
of  the  melting  of  the  ice.  The  Malaspina  Glacier  aft'ords  illus- 
trations of  the  formation  of  eskers  and  of  other  phenomena 
which  must  have  marked  the  stagnant  margin  of  the  waning  ice 
sheet.  Surely  our  country  affords  most  favorable  conditions 
for  the  study  of  the  history  of  the  Glacial  period. 

It  is  a  curious  fact  that  the  first  published  suggestion  of  the 
agency  of  ice  in  connection  with  the  drift  came  from  a  cotton 
manufacturer  in  Connecticut,  Peter  Dobson  by  name.  In  the 
Amoican  Journal  of  Science,  in  1826,  he  gives  a  very  clear  and 
satisfactory  description  of  the  glaciated  boulders  observed  in 
the  drift,  and  gives  as  his  conclusion:  "I  think  w^e  can  not  ac- 
count for  their  appearances  unless  we  call  in  the  aid  of  ice  along 
with  water,  and  that  they  [the  boulders]  have  been  worn  by 
being  suspended  and  carried  in  ice,  over  rocks  and  earth,  under 
water,  "t  It  was  his  idea  that  these  boulders  were  lifted  from 
the  bottom  of  the  sea  by  sheets  of  anchor  ice.  This  theory  was 
certainly  more  satisfactory  than  most  of  the  theories  in  vogue 
before  that  time,  and  more  satisfactory  than  many  of  the  opin- 
ions held  at  a  later  date. 

The  credit  of  the  introduction  and  championship  of  the  glacier 
theory  of  the  drift  belongs,  not  to  a  native,  but  to  an  adopted 
citizen  of  this  country.     Louis  Agassiz  came  to  this  country  in- 

*E.  g.,  those  at  Jamesville  Lake  and  Blue  Lake,  near  Syracuse. 
f  Am  Journal  of  Science,  (i)  x,  218. 
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1846.  In  his  early  home  in  Switzerland,  he  had  already  adopted 
the  belief  of  Venetz  and  Charpentier  in  the  former  great  exten- 
sion of  the  Alpine  glaciers,  and  their  agency  in  the  transporta- 
tion of  blocks  from  the  Alps  across  the  Swiss  lowland  to  the 
Jura.  It  is,  indeed,  a  curious  fact  that  these  Swiss  geologists 
were  anticipated,  in  the  conception  of  the  transportation  of  these 
blocks  through  the  agency  of  glaciers,  by  Playfair,  who  suggested 
the  idea  in  1802.*  In  the  early  papers  of  Agassiz  the  concep- 
tion of  the  Glacial  period  took  a  form  which  he  himself  later 
recognized  as  an  exaggeration.  He  conceived  at  first  of  a  fall  of 
temperature  so  wide-spread  and  so  extreme  that  a  polar  ice  cap 
extended  southward  over  the  whole  breadth  of  Europe  and  across 
the  Mediterranean,  reaching  the  Atlas  Mountains.  Later  he 
recognized  the  ice  sheet  that  covered  the  Alps  as  entirely  separ- 
ate from  the  ice  sheet  of  northern  Europe.  The  tendency  to 
an  exaggerated  view  of  the  Glacial  period  overcame  him  again 
in  later  years,  when  he  maintained  that,  at  the  climax  of  the 
Glacial  period  there  was  "floating  ice  under  the  equator,  such 
as  now  exists  on  the  coasts  of  Greenland."!  Incidentally, 
he  based  upon  this  extravagant  conception  of  the  Glacial 
period  an  argument  against  Darwin's  views  of  the  origin  of 
species,  maintaining  that  the  wide-spread  cold  of  the  Glacial 
period  produced  a  general  extermination  of  life,  necessitating 
a  new  creation.  But  the  extravagance  of  some  of  his  concep- 
tions, and  his  vain  attempt  to  stop  the  resistless  progress  of  the 
doctrine  of  evolution,  may  well  be  forgiven,  in  memory  of  the 
great  service  which  he  rendered  in  bringing  into  general  accept- 
ance the  glacier  theory  of  the  drift. 

As  Agassiz  traveled  in  various  parts  of  his  adopted  country, 
he  recognized  everywhere  in  the  northern  states  the  traces  of 
glaciation,  already  familiar  to  him  in  Switzerland  and  in  Scot- 
land ;  and  his  views  found  more  ready  acceptance  in  this  coun- 
try than  in  some  of  the  countries  of  Europe.  Guyot,  who  had 
been  associated  with  Agassiz  in  the  study  of  the  glaciers  of 
Switzerland,  came  to  this  country  in  1 848 ;  and  he  was,  of  course, 
a  strong  ally  in  the  defense  of  the  glacier  theory.     As  early  as 

*  Illustrations  of  the  Huitonian  Theory,  p.  388. 
Life  and  Correspondence,   vol.   ii,   p.  639. 
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1 84 1  Kdward  Hitchcock  had  been  so  strongly  impressed  by  the 
writings  of  Agassiz  that  he  recognized  clearly  the  traces  of  gla- 
ciers in  Massachusetts;  and,  in  his  presidential  address  before 
the  Association  of  American  Geologists,  and  in  the  postscript  to 
his  "Final  Report  on  the  Geology  of  Massachusetts,"  he  shows 
himself  almost  persuaded  to  adopt  the  glacier  theory  for  the 
explanation  of  the  drift  in  general.  He  could  not,  however, 
quite  bring  himself  to  the  acceptance  of  the  conception  of  a 
glacier  capable  of  moving  with  so  little  slope  as  to  be  able  to 
transport  material  southward  over  the  whole  of  northeastern 
America ;  and  he  accordingly  limited  the  action  of  glaciers  to 
those  cases  in  which  the  drift  appeared  to  be  dispersed  some- 
what radially  from  local  centers  in  mountainous  or  hilly  regions. 
The  general  southward  movement  of  the  drift  seemed  to  him  to 
require  the  conception  of  submergence  of  the  land,  and  trans- 
portation by  icebergs  floating  southward  from  the  Arctic  regions.* 
As  early  as  1852,  one  of  the  best  and  most  popular  text-books 
of  the  time,  that  of  Gray  and  Adams,  gave  the  preference  to  the 
glacier  theory  of  the  drift.  Dana,  in  his  presidential  address 
before  the  American  Association  for  the  Advancement  of  Science 
in  1855,  manifestly  inclined  to  the  glacier  theory;  and,  in  the 
first  edition  of  his  "Manual  of  Geology,"  in  1862,  he  gave  his 
adhesion  more  decidedly  to  that  view.  The  next  generation  of 
American  students  of  geology  were  brought  up  on  the  various 
editions  of  Dana's  "Manual"  and  "Text-book,"  so  that  thence- 
forward the  glacier  theory  was  recognized  in  this  covmtry  as 
orthodox.  In  some  of  the  countries  of  Europe  the  theory  of 
submergence  and  transportation  of  boulders  by  icebergs  held 
the  ground  longer.  In  1864  Lye  11  still  maintained  the  submer- 
gence of  the  plain  of  northern  Europe,  and  of  the  glaciated 
region  of  North  America  ;t  and  it  was  not  until  1875  that  Torell, 
in  a  memorable  meeting  of  the  German  Geological  Society,  con- 
vinced the  German  geologists  that  the  drift  of  northern  Germany 
was  transported  by  an  ice  sheet  whose  center  was  in  the  moun- 
tains of  vScandinavia,  and  the  name  Diluvium,  though  still  used 

*  Illustrations   of  Surface  Geology,  p.  71,   Smithsonian   Contributions   to 
Knowledge,  vol.  ix. 

^Elements  of  Geology,  6tli  edition,  London,  1865,  pp.  149,  164. 


474  SECTION   E. 

in  German  geological  writings,  was  completely  emptied  of  its 
original  connotation.* 

Within  the  last  few  decades  the  labors  of  a  large  number  of 
earnest  and  able  investigators  have  developed  the  glacier  theory- 
more  in  detail,  and  have  added  vastly  to  our  knowledge  of 
Quaternary  history.  The  imaginary  polar  ice  cap  has  given 
place  to  ice  sheets  of  more  limited  dimensions,  though  still  vast, 
developed  respectively  about  the  Laurentide,  Keewatin,  and 
Cordilleran  centers.  The  series  of  terminal  moraines,  marking 
stages  of  readvance  or  halts  in  the  retreat  of  the  ice  sheet,  have 
been  carefully  mapped.  From  the  experience  gained  in  the 
study  of  terminal  moraines  in  this  country,  Lewis  was  enabled, 
in  1886,  to  recognize  and  interpret  the  terminal  moraines  of  the 
ice  sheet  in  England ;  and  Salisbury,  in  the  following  year, 
those  of  north  Germany.  The  recognition  of  interlobate  mo- 
raines and  of  driftless  areas  led  to  a  clearer  understanding  of  the 
nature  of  the  movement  of  the  great  ice  sheet.  The  driftless 
area  of  Wisconsin  was  noticed  by  J.  D.  Whitney  as  early  as  1862, 
and  has  been  more  carefully  studied  by  ChamberUn  and  Salis- 
bury ;  and  the  latter  investigator  has  called  attention  to  a  smaller 
driftless  area  in  Illinois.  The  Quaternary  period,  instead  of 
being  brief  and  comparatively  simple,  has  been  shown  to  be  of 
long  duration  and  great  complexity.  It  has  been  analyzed  into 
a  succession  of  glacial  and  interglacial  epochs;  and,  from  the 
vast  amount  of  erosion  in  some  of  the  interglacial  epochs,  it  has 
been  inferred  that  post -Glacial  time  is  very  short  in  comparison 
with  inter-Glacial  time.  The  history  of  the  series  of  lakes  held 
between  the  front  of  the  receding  ice  sheet  and  the  southern 
watershed  of  the  Saint  Lawrence  basin,  has  been  studied  by 
Gilbert,  Taylor,  Fairchild,  and  others.  In  Chamberlin's  theory 
that  the  cause  of  the  Glacial  climate  is  primarily  the  diminution 
of  the  amount  of  carbon  dioxide  in  the  atmosphere,  and  that 
the  location  of  the  main  centers  of  glaciation  is  due  to  the  path  of 
cyclonic  storms,  we  have  a  theory  which,  if  it  can  not  be  accepted 
with  full  confidence  as  the  true  one,  is  at  least  the  only  theory 
of  the  Glacial  climate  which  has  not  yet  been  weighed  in  the 
balance  and  found  wanting.     There  seems  still  to  be  some  dis- 

1    *von  Zittel,  History  of  Geology  and  Palceoniology,  p.  2'?2. 
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agreement  among  physicists  on  the  critical  question,  what  effect 
small  changes  in  the  amount  of  carbon  dioxide  in  the  atmosphere 
would  produce  upon  the  climate.  The  views  of  Arrhenius,  upon 
which  the  theory  of  Chamberlin  is  based,  have  been  contested 
by  Angstrom*  and  Very,t  and  are  not  accepted  by  Hann.^  If 
the  physicists  can  be  brought  to  an  agreement  on  this  funda- 
mental point,  we  may  feel  that  we  have,  at  last,  a  theory  of  the 
Glacial  climate.  The  alternative  at  present  seems  to  be  the 
acceptance  of  Chamberlin 's  theory,  or  the  confession  that  we 
have  as  yet  no  explanation  of  the  Glacial  climate. 

IV.  SUBAERIAL   DENUDATION    AND   THE  EVOLUTION  OF  DRAINAGE 

SYSTEMS. 

In  early  years  the  study  of  geology  in  this  country  was  sub- 
stantially confined  to  the  region  east  of  the  Mississippi ;  but,  in 
due  season,  the  weird  and  fascinating  region  of  the  Cordillera 
revealed  itself  to  explorers  and  geologists.  It  is  now  more  than 
half  a  century  since  American  geologists  began  the  study  of 
that  western  wonderland.  The  earliest  geological  work  was 
done  in  connection  with  expeditions  undertaken  for  other  pur- 
poses, as  the  Pacific  Railroad  explorations,  which  commenced 
in  1853,  ^i^d  Ives's  Colorado  expedition.  It  is,  however,  forty 
years  since  the  national  government  established  geological  sur- 
veys in  that  western  country.  A  period  of  a  dozen  years  com- 
mencing with  1867  was  marked  by  the  achievements  of  four 
great  organizations  devoted  specifically  to  geological  work — 
the  Survey  of  the  Fortieth  Parallel,  the  Survey  \\'est  of  the  One 
Hundredth  Meridian,  the  vSurvey  of  the  Territories,  and  the 
Survey  of  the  Rocky  Mountain  Region.  Since  1879  all  these 
organizations  have  been  superseded  by  the  United  States  Geo- 
logical Survey.  A  new  world  for  geologists  was  that  weird 
western  land — that  land  of  deserts,  plateaus,  and  canons,  with 
vast  stretches  of  almost  horizontal  stratification  broken  bv 
faults  and  monoclines,  revealing  its  geological  structure  with 
wondrous  clearness  by  reason  of  an  arid  climate  whereby  it  has 

*  Annalen  der  Physik,  (4)  iii,  720-732. 

t  Bulletin  G,  Weather  Bureau,  U.  S.  Department  of  Agriculture. 

X  Handbook  of  Climatology,  pt.  i,  p.  399. 
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been  left  naked  and  destitute  of  any  mantle  of  soil  and  vegeta- 
tion. There  is  revealed,  as  nowhere  else  in  the  world,  the  power 
and  the  method  of  subaerial  denudation.  The  Grand  Canon  of 
the  Colorado  is  a  stupendous  object  lesson  of  erosion;  and,  if 
one  is  compelled  to  recognize  river  erosion  in  the  canon  itself, 
scarcelv  less  strenuous  is  the  compulsion  to  recognize  subaerial 
denudation  in  the  vast  platform  of  Carboniferous  strata  with 
little  outlying  buttes  of  Permian  and  later  formations.  The 
studv  of  that  country  has  been  fruitful  in  its  contributions  to  the 
knowledge  of  aqueous  agencies  in  dynamical  geology.  Very 
early  appeared  those  three  monumental  works:  Powell's  "Ex- 
ploration of  the  Colorado  River,"  Gilbert's  "Geology  of  the 
Henry  Mountains,"  and  Button's  "Tertiary  History  of  the  Grand 
Canon  District."  The  value  of  those  early  studies  in  a  new  field 
is  not  greatlv  lessened  if  some  conclusions  must  be  modified  by 
later  studv.  It  may  be  that  the  course  of  the  Green  River 
through  the  Uinta  Mountains  is  not  a  typical  case  of  antecedent 
drainage ;  and  it  seems  certain  that  the  esplanade  in  the  Kanab 
section  of  the  Grand  Cafion  is  not  due  to  a  long  pause  in  the 
movement  of  elevation,  in  which  the  river  nearly  attained  base- 
level  :*  but  the  conceptions  introduced  into  dynamical  geology 
as  the  result  of  those  early  studies  are  no  less  valuable  and 
fruitful. 

The  first  lesson  that  geologists  learned  in  that  western  land 
was  the  efficiency  of  subaerial  denudation— the  power  of  atmos- 
phere, rain,  and  river  to  remove  vast  quantities  of  material,  and 
shape  the  topography  of  wide  areas.  From  Hitchcock's  "Ele- 
mentary Geology"  I  learned  in  my  boyhood,  in  regard  to  cracks 
and  fissures  in  the  strata,  "If  the  fissure  is  open  and  of  consider- 
able width,  it  is  called  a  gorge;  if  it  be  still  wider,  with  the  sides 
sloping  or  rounded  at  the  bottom,  a  valley  is  produced. "f 
Hitchcock  was  convinced,  indeed,  that  the  Niagara  gorge  was 
due  to  erosion ;  but  he  declared  that  the  gorges  of  the  Connecti- 
cut between  Mount  Tom  and  Mount  Holyoke,  and  below  Middle- 
town,  could  not  be  due  to  the  action  of  the  river,  and  that  the 
gorges  of  the  same  river  at  Bellows  Falls  and  Brattleboro  were 

*Davis,  in  Bull.  Museum  of  Comparative  Zoology,  xxxviii,  180-186.     ^ 
^Op.  cil.     p.  .^g. 
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too  wide  to  have  been  formed  by  the  river  alone.*  In  his 
"Illustrations  of  Surface  Geology,"  in  discussing  the  criteria  by 
which  to  distinguish  fluviatile  from  oceanic  work,  he  declared: 
"Rivers  have  little  power  to  form  wide  valleys."!  Apparently 
geologists  were  confused  with  a  vague  idea  that  the  ocean  is 
bigger  than  the  rivers,  and  that,  therefore,  it  can  do  more  work 
in  erosion.  As  early  as  1847,  Ramsay  had  recognized  that  the 
summits  of  the  mountains  of  Wales  were  remnants  of  a  former 
plain  of  erosion,  but  he  conceived  of  it  as  a  "plain  of  marine 
denudation,"  and  that  phrase  holds  its  place  to-day  in  English 
writings.  With  genuine  British  loyalty  and  convervatism,  Sir 
Archibald  Geikie  retains  the  phrase  even  in  the  latest  edition  of 
his  "Text-book,"  in  explanation  of  table-lands  of  erosion; 
though,  even  in  his  earliest  edition,  he  declared  that,  in  the  pro- 
duction of  plains  of  marine  denudation,  "the  sea  has  really  had 
less  to  do  than  the  meteoric  agents.  A  plain  of  marine  denuda- 
tion is  that  sea-level  to  which  a  mass  of  land  has  been  reduced 
mainlv  by  the  subaerial  forces. "J  He  attributes  to  ocean  waves 
and  currents  only  "the  last  touches  in  the  long  process  of  sculp- 
turing." Elsewhere  Gaikie  bears  emphatic  testimony  to  the 
influence  of  American  geologists,  in  the  words:  "Unquestion- 
ably the  most  effective  support  to  Mutton's  teaching  has  been 
given  by  the  geologists  of  the  United  States,  who,  among  the 
comparatively  undisturbed  strata  of  the  western  territories, 
have  demonstrated,  by  proofs  which  the  most  sceptical  must 
receive,  the  potency  of  denudation  in  the  production  of  the 
topography  of  the  land."§  It  is,  indeed,  marvelous  with  what 
prophetic  vision  Hutton  and  Playfair  conceived  some  of  those 
ideas  of  river  action  which  the  geologic  world  in  general  learned 
only  from  the  work  of  American  geologists  in  the  Cordilleran 
region.il  On  this  subject,  those  two  Scotchmen  were  a  half- 
century  in  advance  of  their  time . 

*0p.  cit.,  pp.  215,  227. 

■\0p.  cit.,  p.  90. 

%Text-book  of  Geology,  London,  1882,  p.  451.  In  later  editionst  he 
phrase  "base-level  of  erosion"  is  substituted  for  "sea-level." 

^The  Founders  of  Geology,  ist  edition,  p.  181.  The  passage  is  some- 
what modified  in  the  later  edition  of  the  work. 

I!  Playfair,  Illustrations  of  the  Huttonian  Theory,  note  xvi. 
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That  western  land  has  taught  us  not  only  to  recognize  the  fact 
of  subaerial  denudation,  but  also  to  formulate  its  methods.  In 
Powell's  "Exploration  of  the  Colorado  River,"  he  distinguished 
rivers  as  consequent,  antecedent,  and  superimposed.  Davis 
has  carried  the  analysis  somewhat  further,  giving  us  subsequent 
and  obsequent  rivers.  Powell  formulated  the  doctrine  of  base- 
levels;  Davis  has  given  the  conception  greater  accuracy  and 
consistency  by  distinguishing  base-level  from  profile  of  equili- 
brium. The  base-level  of  a  district  is  a  portion  of  the  ideal 
spheroidal  surface  of  the  earth.  Disregarding  the  curvature  of 
the  earth's  surface,  base-level  may  be  represented  in  profile  as  a 
straight  line;  profile  of  equilibrium  as  a  curve,  concave  upward, 
tangent  to  base-level  at  the  mouth  of  the  river,  gradually 
approaching  base-level  with  the  progressive  denudation  of 
the  country,  but  never  quite  reaching  it  except  at  the  point  of 
tangency.  To  Davis  also  we  owe  the  full  development  of  the 
conceptions  of  youth  and  age  in  river  valleys  and  in  drainage 
systems,  and  of  cycles  of  erosion  ending  in  the  formation  of 
peneplains.  We  have  learned  to  search  in  every  rugged 
mountain  region  for  remnants  of  ancient  peneplains.  We  have 
learned,  in  general,  that  geological  history  is  to  be  read,  not 
only  in  deposits,  but  also  in  erosion  forms. 

V.    TERTIARY  MAMMALS  AND  THE  DOCTRINE  OF  EVOLUTION. 

Half  a  century  ago  the  exploring  expeditions  connected  with 
the  Smithsonian  Institution  began  to  collect  fossils  from  the 
Tertiary  deposits  of  the  western  plains.  Later  the  work  was 
followed  up  by  the  Geological  Surveys  under  the  auspices  of  the 
national  government,  and  by  numerous  private  expeditions 
under  the  auspices  of  universities,  scientific  associations,  and 
individuals.  Over  those  western  plains  were  found  to  stretch 
vast  continental  deposits,  certainly  not  all  of  lacustrine  origin, 
as  at  first  reported,  but  in  part  piedmont  alluvial  formations,  in 
part  eolian  deposits,  and,  in  limited  areas,  deposits  of  volcanic 
dust.  These  continental  deposits  of  the  western  plains  yielded 
in  unparalleled  richness  mammalian  fossils,  which  have  been 
studied  by  Leidy,  Marsh,  Cope.  Osborn,  Scott,  Wortman.  and 
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Others.  No  other  single  series  of  discoveries  has  been  so  potent 
in  changing  the  bearings  of  paleontology  upon  the  doctrine  of 
evolution. 

In  Darwin's  two  chapters  on  geology  in  the  "Origin  of 
Species,"  he  marshaled  with  great  skill  the  geological  facts  then 
known  which  appeared  favorable  to  evolution.  Yet  he  recog- 
nized in  the  facts  of  paleontology  "perhaps  the  most  obvious 
and  serious  objection  which  can  be  urged  against  my  theory."* 
He  cited  a  long  list  of  recognized  authorities  in  geology  and  pale- 
ontology, still  living  or  recently  dead  at  the  time  of  the  publica- 
tion of  his  first  edition,  who  were  believers  in  the  inmiutability 
of  species — Cuvier,  Agassiz,  Barrande,  Pictet,  Falconer,  Forbes, 
Lyell,  ^lurchison,  Sedgwick.  Of  these  Lyell  alone  lived  to 
become  a  convert  to  evolution. 

Of  course  the  objection  which  Darwin  felt  so  strongly  himself 
and  which  seemed  conclusive  to  so  many  paleontologists  at  the 
time,  was  the  absence  of  gradation  between  different  forms. 
The  theory  of  evolution,  and  especially  the  strictly  Darwinian 
form  of  that  theory,  requires  fine  gradation  between  species — 
not  indeed  between  different  species  now  existing,  but  between 
existing  species  and  species  now  extinct,  and  between  fossil 
species  of  successive  periods.  In  general,  such  gradations  do 
not  appear.  Fossil  species  are  about  as  sharply  defined  as 
recent  ones;  and  whole  groups  of  species — orders,  classes, 
sub-kingdoms — have  appeared  without  recognizable  ancestry. 
Darwin's  answer  to  this  objection  was  given  in  the  phrase  now 
become  classical,  "the  imperfection  of  the  geological  record." 

In  the  half-century  since  the  publication  of  Darwin's  first 
edition,  the  attitude  of  paleontologists  has  completely  changed. 
Not  only  is  it  true  at  present  that  paleontologists  are  substan- 
tially unanimous  in  accepting  the  doctrine  of  evolution ;  but  it 
has  come  to  be  generallv  believed  that  the  very  science  which 
afforded  a  half-centurv  ago  the  strongest  objection  to  evolution 
now  affords  its  strongest  support.  This  change  is  in  large 
part  due  to  the  discoveries  which  have  so  shattered  the 
objection  that  once  appeared  so  strong.  Innumerable  links 
then    missing    have    been    brought    to    light.      Intermediate 

*Origin  oj  Species,  4th  (English)  edition,  p.  340. 
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forms  between  orders  and  classes  formerly  supposed  to  be  widely 
separated  from  each  other  have  been  discovered  in  great  abun- 
dance. Numerous  series  of  genera  maybe  traced  through  suc- 
cessive geological  periods,  exhibiting  a  gradually  progressive 
change  which  almost  irresistibly  suggests  to  the  mind  the  belief 
that  the  series  are  truly  genetic.  The  fossils  of  our  western 
plains  have  afforded  a  goodly  share  of  the  most  important  of 
these  new  evidences  of  evolution. 

When  the  first  edition  of  the  ' '  Origin  of  Species  "  was  published, 
the  classes  of  birds  and  reptiles  seemed  to  stand  widely  asunder. 
But  in  the  very  next  year  ( 1 860)  an  odd  feather  of  Archaeopteryx 
was  discovered,  and  a  year  later  the  skeleton  now  preserved  in 
the  British  Museum.  But  Archaeopteryx  was  a  solitary  repre- 
sentative of  the  birds  of  markedly  reptilian  character  until  the 
discovery  of  Ichthyornis  and  Hesperornis  in  the  Cretaceous  of 
Kansas,  of  which  preliminary  descriptions  were  published  by 
Marsh  in  1872.  Both  these  remarkable  types  show  reptilian 
afhnities,  in  the  possession  of  teeth,  in  the  structure  of  the  skull 
(though  unhappily  the  palatal  region  is  but  imperfectly  known), 
and  in  the  pelvis;  and  Ichthyornis  very  notably  in  its  slightly 
biconcave  vertebrae,  contrasting  strongly  with  the  saddle-shaped 
articulating  surfaces  of  the  vertebra;  of  modern  birds.  How- 
ever strongly  these  genera  suggest  the  idea  of  an  evolutionary 
connection  between  reptiles  and  birds,  their  own  place  in  the 
evolutionary  series  is  not  easy  to  determine.  Ichthyornis  may 
be  in  or  near  the  direct  line  of  descent  from  Archaeopteryx  to 
some  such  generalized  dromaeognathous  type  as  is  represented 
by  those  curious  living  fossils,  the  Crypturi,  from  which  diver- 
gent lines  of  evolution  may  have  led,  on  the  one  hand  to  the 
ostriches  and  other  flightless  Dromaeognathae,  and  on  the  other 
hand  to  the  Carinatae.  Hesperornis,  a  degenerate  and  in  some 
ways  highly  specialized  form,  stands  certainly  at  the  end  of  a 
side  branch,  and  has  left  no  descendants. 

But  the  discoveries  of  most  evolutionary  significance,  as 
already  intimated,  have  been  among  the  Tertiary  mammals.  A 
immber  of  series  have  been  traced,  leading  from  generalized 
types  in  the  Eocene,  through  forms  of  gradually  increasing 
specialization,  to  genera  which  still  survive.     The  first  of  these 
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genetic  series  to  be  brought  to  notice  was  the  genealogy  of  the 
horse,  as  traced  by  Marsh  in  1874.  Marsh's  views  were  adopted 
bv  Huxlev  in  his  brilHant  "American  Addresses,  "  and  thereby 
gained  a  larger  share  of  public  attention  than  they  would  other- 
wise have  received.  Probably  no  single  fact  or  group  of  facts 
brought  to  light  since  the  appearance  of  the  "Origin  of  Species" 
has  been  so  influential  in  bringing  the  theory  of  evolution  into 
general  acceptance.  The  genealogy  of  the  horse  has  been  cor- 
rected in  detail  and  completed  by  later  investigations.  The 
line  of  descent  may  now  be  traced  through  Hyracothcrium  and 
Eohippus  of  lower  Eocene,  Protorohippus  and  Orohippus  of 
middle  Eocene,  Epihippus  of  upper  Eocene,  Mesohippus  of  Oli- 
gocene,  Anchitherium  of  lower  Miocene,  Parahippus,  Protohip- 
pus,  and  Pliohippus  of  middle  and  upper  Miocene,  to  Equus  of 
Pliocene  and  Quaternary ;  while  side  branches  lead  to  Hipparion, 
Hippidium,  and  other  forms  which  have  died  without  issue.* 

A  similar  series,  though  with  not  quite  so  fine  gradations, 
reveals  the  genealogy  of  the  camel.  From  the  Eocene  Pro- 
tylopus  this  Hne  is  traced,  through  Oligocene  Poebrotherium, 
to  Miocene  Procamelus,  whence  one  branch  leads  to  Camelus,  and 
the  other  to  the  South  American  Auchenia.  It  is  indeed  re- 
markable that  the  characteristically  old-world  types,  Equus  and 
Camelus,  should  have  been  evolved  in  North  America  and  have 
become  extinct  in  this  their  original  home.  Another  series,  be- 
ginning in  the  lower  Eocene  Systemodon,  ends  in  the  modern 
tapirs. 

In  like  manner,  among  the  very  primitive  carnivores  which 
have  been  classified  as  the  order  Creodonta,  the  ancestors  respect- 
ively of  the  dog  and  the  cat  have  been  recognized  in  the  Eocene 
genera  Vulpavus  and  Palfeonictis. 

Of  extraordinarv  interest  in  an  evolutionary  point  of  view  is 
the  most  primitive  Tertiary  fauna  from  the  Puerco  beds  dis- 
covered by  Cope  in  1880.  In  that  fauna  is  found  the  culmina- 
tion of  the  Multituberculata,  which  made  their  first  appearance 
in  Triassic  time,  and  whose  teeth  reveal  their  close  relation  to 
the  Monotremata.  But,  with  those  survivals  from  Mesozoic 
time,  appear  generalized  and  primitive  forms  of  placental  mam- 

♦Matthew,  in  Supplement  to  American  Museum  Journal,  vol.  iii,  no.  i. 


482  SECTION    E. 

mals,  wherein  may  be  traced  the  ancestry  of  mammalian  groups 
of  later  Tertiary  and  recent  t  me.  Hemiganus  and  Psittacoth- 
crium  may  be  recognized  as  the  ancestors  of  the  Edentata. 
And,  among  the  most  primitive  and  generalized  ungulates,  the 
Phenacodontidae,  Protogonodon  has  been  recognized  as  possi- 
bly the  ancestor  of  the  Artiodactyla,  and  Euprotogonia  with 
more  probability  as  the  ancestor  of  the  Perissodactyla. 

In  the  American  Museum,  where  some  of  our  sessions  are  to 
be  held,  the  evidence  of  these  genetic  series  running  through  the 
Tertiary  is  placed  before  our  eyes  with  incomparable  fullness. 
As  we  behold  the  unparalleled  richness  of  those  collections,  we 
do  not  wonder  that  not  even  a  call  to  be  the  official  head  of  the 
army  of  science  in  this  country  could  induce  Professor  Osborn 
to  leave  the  Museum  which  is  at  once  the  monument  of  his  work 
in  the  past  and  the  material  for  his  work  in  the  future. 

But,  however  numerous  are  the  gradational  forms  which  have 
been  brought  to  light,  Darwin's  principle  of  the  imperfection  of 
the  geological  record  is  in  no  wise  superseded.  It  still  remains 
true  that  the  theory  of  evolution  must  stand  or  fall  according  to 
our  judgment  of  the  adequacy  of  that  principle  of  Darwin.  If 
the  fossils  accessible  to  observation  and  collected  in  our  museums 
afford  an  approximately  complete  representation  of  the  life  that 
has  existed  in  past  ages,  there  is  certainly  no  standing-ground 
for  any  theory  of  evolution.  But,  while  we  have  seen  numerous 
chasms  bridged  by  series  of  gradational  forms,  we  have  also  come 
to  a  fuller  appreciation  of  the  significance  of  Darwin's  principle 
of  the  imperfection  of  the  geological  record. 

In  the  conclusion  of  Darwin's  chapter  on  the  subject,  he  used 
a  striking  illustration :  "I  look  at  the  natural  geological  record 
as  a  history  of  the  world  imperfectly  kept  and  written  in  a  chang- 
ing dialect.  Of  this  history  we  possess  the  last  volume  alone, 
relating  only  to  two  or  three  countries.  Of  this  volume,  only 
here  and  there  a  short  chapter  has  been  preserved ;  and  of  each 
page,  only  here  and  there  a  few  lines."  In  the  light  of  our  pres- 
ent knowledge  of  geological  history,  we  are  able  to  see  that  even 
this  striking  illustration  fails  to  do  full  justice  to  the  subject. 
The  imperfection  of  the  record  consists  not  merely  in  the  fact 
that  some  of  the  chapters  are  missing.     It  appears  most  strongly 
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when  we  inquire  just  what  chapters  are  missing.  In  the  concep- 
tion of  continental  history  to  which  I  have  already  referred,  we 
have  come  to  recognize  a  truth  which,  in  somewhat  distorted 
form,  found  expression  in  the  old  catastrophisni.  We  have 
come  to  recognize  that  comparatively  short  periods  of  rapid 
geographical  change  alternate  with  long  periods  of  relative  sta- 
bility or  slowly  progressive  change.  This  is,  in  substance,  the 
doctrine  of  critical  periods  as  formulated  by  Le  Conte.*  It  is 
precisely  in  those  critical  periods  that  the  record  fails,  and  the 
gap  is  indicated  by  unconformability.  Darwinians  and  La- 
marckians  alike  must  recognize  that  the  periods  of  rapid  geo- 
graphical change  must  be  the  periods  of  most  rapid  change  in 
fauna  and  flora.  Evolutionary  change  must  be  directly  or 
indirectly  the  result  of  a  failure  of  adjustment  between  organism 
and  environment. 

The  doctrine  of  critical  periods  has  taken  somewhat  more 
definite  form  in  Chamberlin's  discussion  of  the  effects  of  inter- 
mittent subsidence  of  the  ocean  bottom.  The  critical  periods  in 
geological  history  are  the  times  when  the  rigidity  of  the  crust 
yields  to  accumulating  strain,  when  the  ocean  bottom  subsides, 
when  the  continents  emerge  to  larger  area  and  higher  altitude, 
when  more  or  less  of  mountain-making  takes  place,  and  w^hen 
the  geographical  changes  bring  in  their  train  the  diminution  of 
the  atmospheric  supply  of  carbon  dioxide  and  a  tendency  to 
cold  and  arid  climates.  Then  come  the  long  periods  in  which 
the  continents  are  slowly  denuded,  the  continental  shelves  are 
extended  landward  by  encroachment  of  the  sea  and  seaward  by 
sedimentation,  the  quota  of  carbon  dioxide  is  slowly  replenished, 
and  the  fauna  and  flora  which  had  been  impoverished  gradually 
expand  to  their  former  luxuriance.  The  chapters  which  are  lost 
from  the  record  are  precisely  the  chapters  which  would  contain 
the  story  of  those  critical  periods  marked  by  extinction  of  mani- 
fold species,  and  bv  rapid  change  in  adjustment  to  new  and  more 
rigorous  conditions.  The  geological  record  of  the  progress  of 
Ufe  is  like  a  history  of  the  United  States,  in  which,  among  other 
less  important  chapters,  the  chapters  on  the  Revolution  and  the 
Civil  War  are  lost. 

*  Am.  Journal  of  Science,  (3)  xiv,  99-114. 
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CONCLUSION. 

I  have  not  attempted  to  give  a  history  of  geological  invest- 
gation  in  this  country.  Of  the  great  number  of  earnest  anid 
able  investigators  whose  names  illustrate  the  scientific  history 
of  this  country — of  those  who  have  finished  their  work,  but  whose 
memory  and  influence  can  never  die — of  those  still  living  whose 
achievements  in  the  past  are  only  the  promise  of  greater  work 
in  the  future — I  have  named  but  few,  though  many  others  are 
equally  worthy.  Of  the  men  whose  names  I  have  mentioned, 
I  have  doubtless  not  in  all  cases  mentioned  the  work  which  has 
been  most  meritorious  or  important.  I  have  mentioned  only 
those  investigations  w^hich  have  a  bearing  on  a  few  special 
subjects.  Nor  have  I  referred,  except  occasionally  and  inci- 
dentally, to  the  work  of  European  students  which  has  gone  on 
parallel  with  that  of  students  in  our  own  country.  American 
geologists  have  had  no  patent  rights  giving  them  a  monopoly  of 
any  particular  department  of  investigation.  The  limited  time 
of  such  an  address  as  the  present  renders  impossible  a  critical 
discussion  of  the  precise  share  in  the  study  of  the  various  sub- 
jects which  belongs  to  American  geologists.  But  I  believe  it 
may  be  fairly  claimed  that  on  the  five  subjects  which  I  have 
discussed — the  permanence  of  continents,  the  theory  of  moun- 
tain-making, the  history  of  the  Glacial  period,  the  laws  of  sub- 
aerial  denudation,  the  evolution  of  mammalian  life — the  work 
of  American  geologists  has  been  relatively  so  important  that  the 
results  deserve  recognition  as,  par  excellence,  The  Contribu- 
tions OF  America  to  Geology. 
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THE  INFLUENCE  OF  PARASITISM  ON  THE  HOST. 


The  line  of  development  within  the  field  of  zoological  research 
has  shown  a  distinct  tendency  within  recent  years  to  move  in 
the  direction  of  biological  study,  to  view  the  organism  as  a 
living  thing  and  to  seek  an  explanation  for  the  various  problems 
of  life  which  present  themselves  in  connection  with  it.  One 
of  tha  earliest  phases  of  biological  study  found  its  origin  in  the 
condition  presented  by  parasitism.  The  class  of  Helminthes, 
or  intestinal  worms,  of  the  earliest  authors,  was  seen  early  in 
the  course  of  morphological  study  to  be  unwarranted  as  a 
systematic  grouping.  The  animals  included  under  the  term 
were  not  those  which  were  in  any  genetic  sense  related  to  each 
other.  lyike  the  earlier  designations  of  land  animals  and  water 
animals,  these  forms  were  grouped  together  by  virtue  of  sim- 
ilarity in  conditions  of  existence.  The  term  is  accordingly  a 
biological  one  and  its  purely  biological  significance  was  stoutly 
maintained  as  early  as  1827  by  the  great  embryo logist,  Carl 
Ernst  von  Baer,  and  by  F.  vS.  Leuckart.  The  idea  received 
finally  due  acceptance  through  the  efforts  of  Carl  Vogt,  who 
dissociated  the  earlier  group  and  united  its  subdivisions  with 
those  free  living  animals  to  which  they  were  most  closely 
morphologically  connected.  Even  thus  early  it  was  apparent 
that  parasitic  animals  were  derived  from  free  living  forms,  that 
they  were  in  fact  but  degraded  members  of  the  same  groups; 
in  some  cases  with  such  little  modification  in  structure  that 
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their  affinities  were  recognized  at  a  glance;  in  other  cases, 
however,  the  excessive  modification  had  carried  the  parasitic 
form  very  far  from  the  ancestral  type,  and  yet  the  existence  of 
a  large  number  of  intermediate  stages  suggested  at  once  that 
these  changes  had  been  gradual.     (Van  Beneden,  1876.) 

In  spite  of  the  fact  that  these  studies  were  among  the  very 
earliest  of  biological  investigations,  it  appears  that  the  recip- 
rocal influence  has  rather  generally  escaped  discussion.  It  is 
mv  desire  accordingly,  in  so  far  as  may  be  practicable  within 
the  limits  of  time  and  space  of  a  single  address,  to  set  before 
you  the  main  facts  in  connection  with  this  other  side  of  para- 
sitism— the  influences  which  are  exerted  upon  the  host  animal, 
the  changes  wrought  in  it,  and  the  part  they  play  in  the  prob- 
lems of  general  biology.  There  is  a  vast  amount  of  information 
in  detail  regarding  individual  species;  and  in  some  cases  the 
relations  have  been  investigated  with  great  care  from  the 
standpoint  not  only  of  the  morphologist  and  of  the  physiologist, 
but  even  also  from  that  of  the  chemist ;  but  in  the  main  these 
observations  stand  as  isolated  and  unrelated  facts.  I  have 
neither  the  knowledge  nor  the  ability  to  bring  them  all  together 
into  a  concrete  whole,  but  there  are  certain  general  headings 
under  which  it  is  possible  without  especial  effort  or  explanation 
to  group  some  of  the  phenomena,  while  others  must  wait  for 
better  knowledge  or  clearer  perception  than  I  possess  before 
thev  can  be  included  in  any  generalizations. 

In  rough  fashion  it  is  the  custom  to  class  parasites  as  harmful 
and  harmless.  The  harmful  forms  induce  pathological  changes, 
stand  in  some  definite  relation  to  disease,  and  become  accordingly 
of  prime  importance  to  the  investigator  in  medical  fields.  The 
other  forms,  while  spoken  of  as  harmless  or  without  effect, 
certainly  should  not  be  classed  as  exercising  none.  With  the 
exception  of  certain  striking  instances,  especially  among  those 
forms  which  parasitize  man,  the  effects  of  parasitism  are  almost 
unknown,  hence  they  are  largely  ignored.  In  the  course  of 
time  opinions  on  this  matter  have  changed  radically.  As  I 
have  said  in  another  paper: 

"In  the  belief  of  the  medical  profession  two  hundred  years 
ago  there  was  no  disease,  real  or  imaginary,  which  was  not  due 
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to  the  presence  and  eflfect  of  some  kind  of  parasite.  Each 
ailment  had  its  particular  'worm'  in  its  characteristic  location. 
This  was  a  direct  result  of  the  endeavor  to  reduce  every  malady 
to  some  definite  cause,  and  from  a  joining  of  the  unknown 
sickness  with  the  parasites,  of  which  they  knew  as  little.  Under 
the  influence  of  study  and  of  increase  in  knowledge  regarding 
the  parasites,  such  a  theory  was  seen  to  be  untenable,  and  the 
movement  in  the  opposite  direction  began — a  tendency  which 
mav  be  said  by  this  time  to  have  passed  its  height.  In  fact, 
there  has  prevailed  during  recent  years  among  the  medical 
men  of  this  country  an  exaggerated  idea  of  the  unimportance 
of  human  parasites."  This  must  give  way  to  a  proper  con- 
ception of  the  pathological  significance  of  these  organisms, 
based  upon  careful  investigations  of  their  actual  influence 
upon  the  host. 

Yet  there  are  some  parasites  of  which  it  may  fairly  be  said 
that  even  careful  study  has  failed  to  show  any  manner  in  which, 
they  aft'ect  the  host.  Thus  Looss  (1894:3)  records  of  a  distome 
(Heterophyes)  commonly  found  in  the  human  alimentary  canal 
among  Egyptian  laborers,  that,  although  present  in  considerable 
numbers,  most  careful  scrutiny  fails  to  disclose  any  influence 
which  it  exerts  upon  the  host.  This  is  traceable  to  the  fact 
that  it  neither  burrow^s  into  nor  feeds  upon  the  mucous  lining 
of  the  canal,  but  contents  itself  wdth  taking  its  food  from  the 
partially  digested  contents  of  the  intestine.  Inasmuch  as  the 
organism  is  very  small,  this  is  evidently  a  negligible  factor  in 
the  economy  of  the  host;  but  even  here,  as  I  shall  show  later, 
there  is  the  possibility  that  under  some  circumstances  the  or- 
ganism may  become  a  menace.  Again,  Filaria  loa,  the  African 
eye  worm,  lives  for  many  years  in  the  connective  tissue  of  the 
human  body,  wandering  from  point  to  point,  often  not  far  below 
the  skin.  In  the  course  of  its  migrations  it  does  apparently  no 
injury  to  the  host,  who  is  indeed  unconscious  of  its  presence 
until  it  happens  to  come  into  the  connective  tissue  over  the 
surface  of  the  eye-ball.  Here  it  appeals  to  the  sense  of  sight, 
and  from  here  it  has  most  frequently  been  extracted.  But  in 
this  case  again  there  are  swellings  which  appear  from  time  to 
time  on  the  surface  of  the  body  and  which  are  believed  by  some 
to  be  due  in  one  way  or  other  to  this  parasite.     (Ward,  1906.) 
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In  the  group  of  indifferent  bodies  we  must  also  included  many 
if  not  all,  of  the  resting  forms,  those  which,  like  the  blader, 
worms,  or  the  young  trichinae,  are  encysted  at  a  given  point 
and  which  consequently  are  not  to  any  appreciable  extent 
absorbing  nutrition  or  producing  toxic  materials.  The  encap- 
sulated trichina  is  but  a  grain  of  sand,  the  encysted  bladder 
worm  no  more  than  a  globule  of  fat  in  the  tissue.  During  its 
entire  life  in  the  body  the  guinea  worm  does  not  seem  to  exercise 
any  influence  whatever  upon  the  host  organism,  until  the 
female  appears  at  the  surface  and  is  desirous  of  securing  an 
opening  through  which  it  may  discharge  the  young  into  the 
outer  world,  where  they  will  find  conditions  for  further  existence. 

These  few  preliminary  statements  have  paved  the  way  for 
a  somewhat  clearer  general  idea  of  the  factors  which  determine 
the  degree  of  influence  exerted  by  the  parasite  on  its  host,  and 
the  first  is  evidently  the  numerical  factor.  Commonly,  the 
single  parasite  leaves  no  effect;  it  is  the  multiplication  of 
parasites  which  is  to  be  feared.  Evidently  this  multipHcation 
will  be  most  serious  when  it  takes  place  within  the  host  and 
leads  directly  to  a  multiple  infection.  This  is  known  among 
the  protozoa,  where,  in  at  least  one  host,  there  is  usually  a 
recurrence  of  generations  of  the  same  type,  and  this  feature  is 
so  characteristic  that  Doflein  (1901)  designates  this  cycle  of 
the  life  history  as  the  multiplicative  cycle,  defining  its  purpose 
as  being  to  achieve  the  multiple  infection  of  the  host.  There 
are  also  some  w^orms  among  the  Nematodes  in  which  the  same 
thing  takes  place,  and  by  virtue  of  which  the  infection  of  the 
alimentary  canal  is  enormously  increased  in  direct  fashion. 

Among  most  metazoan  parasites,  however,  including  all 
Trematodes,  Cestodes  and  some  Nematodes,  such  is  not  the 
case.  The  eggs  of  the  individual  must  be  transported  to  the 
outer  world  before  they  can  carry  out  their  development,  and 
they  reach  a  new  host  after  a  more  or  less  complicated  life 
history  which  may  involve  alternation  of  generations  and 
parasitism  in  one  or  more  intermediate  hosts,  so  that  when  the 
stage  comes  in  which  the  infection  of  the  first  species  is  possible, 
it  is  very  unlikely  that  the  original  individual  will  be  reinfected. 
Among  such  parasites  the  effects  from  a  single  individual  are 
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not  serious,  and  the  real  danger  lies  in  a  multiple  infection 
through  the  increase  in  numbers  which  such  a  species  often 
experiences  in  the  intermediate  host,  or  within  a  limited  area 
in  the  outer  world,  so  that  by  the  taking  in  of  a  single  external 
object  a  large  number  of  parasites  may  be  introduced.  Where 
alternations  of  generations  exist  the  dangers  of  the  parasitic 
existence  are  so  great  that  the  number  of  parasites  is  kept  down. 
Yet  under  a  favorable  combination  of  circumstances  the  num- 
bers of  a  given  parasite  may  be  enormously  increased  and 
with  this  the  dangers  from  the  species  also  enhanced. 

Naturally,  immediately  related  to  the  factor  of  numbers  is 
the  question  of  comparative  size.  In  a  general  way  the  effects 
of  a  parasite  are  related  to  its  mass  as  compared  to  that  of  the 
host,  and  this  will  be  clearly  manifest  in  the  subsequent  dis- 
cussion. From  a  special  point  of  view,  however,  this  is  abso- 
lutely untrue  and  the  secondary  effects  of  an  individual  species 
may  be  out  of  all  proportion  to  its  size.  This  will  also  receive 
more  detailed  discussion  at  a  later  point. 

Evidently,  both  of  the  factors  which  have  just  been  men- 
tioned are  largely  relative  and  distinctly  such  with  regard  to  the 
seat  of  the  injury, i.  e.,the  organ  of  the  body  which  is  attacked; 
thus  a  parasite  may  be  quite  harmless  if  located  in  connective 
tissue,  or  between  the  muscle  fibers,  while  if  the  same  specimen 
were  to  be  located  in  the  brain  or  in  the  eye  its  effect  would  be 
very  serious.  A  small  organism  would  pass  entirely  unnoticed 
in  the  alimentary  canal,  but  in  the  heart  or  blood  vessel,  it 
might  well  cause  serious  disturbances,  or  under  certain  con- 
ditions even  the  death  of  the  host,  so  that  the  pathogenic 
significance  of  a  parasite  depends  essentially  upon  its  location. 

The  effects  of  a  parasite  on  the  host  may  be  roughly  classified 
as  mechanical,  morphological,  and  physiological.  To  be  sure, 
a  sharp  separation  is  not  possible  at  all  points  and  frequently 
the  one  influence  involves  concurrently  or  subsequently  such 
as  belong  to  another  group. 

Animal  parasites,  for  the  most  part,  produce  only  local 
changes,  and  these  are  explicable  on  purely  mechanical  grounds, 
or  they  are  structural  or  functional  within  limited  areas.  But 
physiological    influences    sometimes    manifest    themselves    as 
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symptoms  of  a  general  disease.  Sueh  manifestations  ordinarily 
accompany  the  multiplication  of  the  parasite  within  the  host 
or  at  least  its  presence  there  in  large  numbers. 

Many  of  the  effects  upon  the  host  produced  by  parasites 
may  be  explained  in  purely  mechanical  fashion,  and  under  this 
heading  are  included  those  which  produce  even  some  of  the 
more  complicated  and  far-reaching  results  of  parasitic  infection 
through  the  secondary  effects  which  they  induce. 

Regarding  the  parasite  as  a  passive  mass,  a  purely  inert  body, 
it  may  bring  about  a  stoppage  of  various  passageways  and 
thus  induce  serious  consequences  for  the  host.  Such  an 
occlusion  of  a  canal  may  follow  under  perfectly  normal  con- 
ditions, but  more  frequently  there  is  something  unusual  that 
tends  to  induce  the  condition ;  either  that  the  parasite  is  in  an 
abnormal  location  or  that  some  factor  enters  into  its  normal 
habitat  to  aid  in  purely  mechanical  fashion  in  the  stoppage  of 
the  passageway.  Thus,  the  accumulation  of  a  group  of  com- 
mon round  worms  into  a  ball  will  sufifice  at  times  to  occlude 
entirely  the  alimentary  canal,  and  the  worms,  tangled  and 
twisted  together,  stop  the  passage  of  food  materials  and  waste. 
Unless  the  condition  is  accurately  diagnosed  and  promptly 
alleviated  by  operative  means,  this  stoppage  of  the  canal 
results  in  the  death  of  the  host.  Such  has  been  the  result  in 
man  in  several  cases  on  record  and  similar  instances  are  more 
frequent  among  other  hosts.  But  in  one  of  the  more  carefully 
investigated  cases  (Blanchard,  1899)  it  w^as  found  that  the 
mass  of  seventy-two  ascarids  were  inextricably  tangled  together 
by  a  long  hair  swallowed  by  accident  and  in  some  way  twisted 
tighter  and  tighter  through  the  contortions  of  the  parasites. 

The  young  sclerostomes  of  the  horse  live  in  the  large  arteries 
of  the  abdomen.  Their  presence  in  these  arteries  explains  the 
aneurisms  frequent  at  this  point,  as  they  obstruct  the  vessels 
and  raise  the  arterial  tension  behind  the  points  where  they 
have  formed  a  blockade.  This  induces  in  a  purely  mechanical 
way  a  distension  of  the  vessels  at  the  region  of  increased  pressure. 

Even  much  more  complicated  changes  in  the  host  may  be 
reduced  in  final  analysis  to  a  mechanical  effect.  In  the  case 
of  the    Egyptian  blood    fluke   (Looss,    1905:  96-7)  the  female 
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goes  into  the  venous  plexus  of  the  pelvis  to  oviposit  and  the 
oval  eggs  whiph  arc  supplied  with  a  rudimentary  spine  at  one 
end  are  carried  into  the  capillaries  by  the  blood  current  and 
there  gradually  work  their  way  through  the  wall  of  the  ali- 
mentary canal,  or  the  urinary  bladder,  so  as  to  reach  the  cavity 
of  the  organ  and  to  escape  from  the  body.  The  large  numbers 
of  these  eggs  which  are  produced  fill  up  the  capillaries,  interfere 
with  the  flow  of  blood,  lacerate  the  capillary  walls  and  tissues 
through  which  they  are  forced  mechanically,  until  a  series  of 
serious  changes  is  invoked  in  the  organs  in  question.  The 
condition  is  even  more  serious  when  these  same  eggs  chance 
to  be  carried  about  the  body  of  the  host  by  the  circulating 
blood,  become  entangled  in  the  capillary  network  at  different 
points  and  constitute  the  foci  of  small  emboli.  Such  may 
arise  in  the  brain  where  retardation  of  the  blood  current  and 
the  resulting  emboli  are  sources  of  serious  danger  to  the  host, 
since  thev  give  rise  to  brain  tumors  and  may  evoke  apoplec- 
tic symptoms.  (Looss,  1905:  83.)  The  effects  produced  by 
such  brain  tumors  of  parasitic  origin  do  not  differ  from  those 
cf  other  tumors  or  other  foreign  bodies.  All  of  these  effects 
are  at  basis  mechanical  and  the  same  results  would  apparently 
be  produced  by  any  inert  bodies  of  similar  form  and  number. 

One  may  go  still  further  and  call  attention  to  the  fact  that 
in  some  cases  it  is  a  mass  of  embryos  which  constitute  the 
mechanical  influence  at  the  basis  of  serious  changes.  Some  of 
the  filariae  which  inhabit  the  connective  tissue  are  viviparous 
and  produce  countless  numbers  of  embryos;  these  are  carried 
by  the  lymph  and  blood  stream  all  over  the  body;  accumu- 
lating, evidently  by  chance,  in  considerable  numbers  at  certain 
points  of  the  lymph  vessels,  for  instance,  they  act  mechanically 
to  produce  lymph  stasis  and  dilation  of  the  parts.  The  long- 
continued  working  of  this  cause  will  produce  an  enormous 
distension  of  some  regions  of  the  body,  giving  rise  to  one  form 
of  the  condition  which  is  known  as  elephantiasis.  (Looss, 
1905:  164.) 

Another  mxcchanical  influence  of  the  passive  parasite  is 
traceable  \o   the   pressure   which  it  exerts  upon   surrounding 
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tissues.  In  so  far  as  the  parasite  is  stable  this  pressure  will 
be  constant  and  its  effect  is  of  minor  consequence;  however, 
whenever  the  parasite  is  in  a  condition  of  active  growth  the 
gradually  increasing  pressure  becomes  an  important  element  to 
■consider,  but  the  discussion  of  this  falls  naturally  under  a 
subsequent  heading. 

There  are  certain  influences  which  the  parasite  exerts  that 
are  mechanical,  and  still' are  not  traceable  to  it  as  a  mere  inert 
body;  they  rather  are  determined  by  its  activity,  and  yet  they 
properly  deserve  consideration  under  this  head,  for  the  parasite, 
though  active,  is  exerting  a  purely  mechanical  influence,  and 
one  might  conceive  of  the  same  results  following  upon  the 
movement  of  any  inanimate  object.  If  the  parasite  moves 
about  it  tends  to  irritate  and  inflame  or  destroy  the  surface 
upon  which  it  lies,  even  though  it  remains  relatively  fixed  in 
location  and  merely  twists  from  side  to  side.  The  irritation 
here  will  be  evidently  local  and  will  be  due  to,  or  at  least  em- 
phasized by,  the  spines  or  other  roughness  of  the  body.  It  will 
be  also  increased  if  the  parasite  possesses  suckers  or  other 
organs  of  attachment.  The  delicate  mucous  surfaces  with 
which  the  parasite  usually  comes  in  contact  are  of  all  parts 
of  the  body  the  most  susceptible  to  injury  in  this  fashion,  and, 
as  we  shall  see  later,  many  parasites  combine  with  the  mechan- 
ical lacerations  of  tissue  by  movements  and  their  hold -fast 
organs,  a  physiological  influence  of  far-reaching  import. 

A  complicated  case  which  indicates  the  combined  effects 
of  mass  and  motion,  with  possibly  additional  features  of  a 
physiological  character  not  yet  well  understood,  is  illustrated 
by  the  smaller  liver  flukes  of  the  genus  Opistliorchis.  These 
species  occur  in  the  gall  ducts  of  the  liver  and  there  they  evoke 
changes  which,  though  radical,  are  in  general  uniform  for 
different  species  and  hosts.  (Blanchard,  1901.)  As  the  flukes 
advance  into  the  finer  canals  of  the  liver,  the  ducts  become 
completely  occluded.  The  first  result  is  bile  stasis  and  con- 
sequent dilation  of  the  canal  until  this  acquires  considerable 
size.  Both  the  epithelial  and  the  connective  tissue  of  its 
wall  undergo  profound  modifications.     The  epithelhnn  shows 
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an  active  catarrhal  irritation.  The  glands  manifest  considerable 
hypertrophy.  Many  new  accessory  ducts  are  formed  alongside 
the  original  one.  Among  the  secondary  efifects  one  may  note 
that  while  the  connective  tissue  proliferates  actively  and  ac- 
quires enormous  thickness,  the  liver  tissue  undergoes  granular 
degeneration  as  the  cells  gradually  atrophy,  thus  the  functional 
portion  of  the  organ  is  gradually  replaced  by  inert  tissue. 
(Bossuat,  1902.)  The  arrest  of  the  bile  is  followed  by  digestive 
disturbances,  and  compression  of  the  branches  of  the  portal 
vein  produces  venous  stasis  from  which  follows  naturally  the 
ascites  so  frequently  observed  in  the  course  of  the  malady. 
Now  all  of  these  modifications  follow  the  mechanical  stoppage 
of  the  duct  naturally,  though  no  doubt  the  effect  is  increased  by 
the  irritation  produced  by  the  movements  of  the  parasites. 
Some  investigators  hold  that  the  flukes  feed  upon  the  mucous- 
lining  of  the  ducts;  this  is  true  of  other  liver  flukes,  but  ac- 
cording to  my  observations  does  not  apply  to  0 pisthorchis . 

Parasites,  however,  not  only  carry  on  movements  through 
their  natural  territory,  but  they  also  from  time  to  time  indulge 
in  migrations,  the  causes  of  which  are  not  clear,  but  the  effects 
are  serious  in  the  extreme. 

The  extent  of  such  abnormal  migrations  is  well  illustrated 
by  Ascaris  lumbricoides.  This  form  has  been  known  to  mi- 
grate along  evident  pathways  from  the  duodenum  into  the 
biliary  ducts,  and  liver,  where  it  has  induced  hepatic  abscesses^ 
or  into  the  pancreas  with  like  results,  into  the  larynx  and 
trachea  with  the  result  of  suffocating  the  host  (Fournie,. 
1898),  into  the  eustachian  tube  to  emerge  from  the  auditory 
canal  after  perforating  the  tympanic  membrane,  or  even  into 
the  frontal  sinuses,  or  the  internal  angle  of  the  eye.  (Maurizi,. 
1902.) 

Such  erratic  parasites  do  not  always  confine  themselves  ta 
normal  passageways  of  the  body.  Kven  where  the  penetration 
of  tissue  is  distinctly  exceptional,  it  not  infrequently  happens 
that  under  some  unknown  stimulus  the  species  brings  itself  ta 
transgress  natural  limitations  and  to  open  an  abnormal  commu- 
nication between  regions  otherwise  entirely  separated.     Ascarids 
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have  perforated  the  intestine,  penetrating  the  peritoneal  cavity, 
have  come  out  from  abscesses  at  various  points,  or  have  been  dis- 
covered on  the  occasion  of  a  post-mortem  in  the  most  varied  regions 
of  the  body.  The  hver  fluke  as  it  feeds  upon  the  hepatic  cells  may 
chance  to  open  a  small  vessel,  or  the  lung  fluke  may  similarly 
effect  an  entrance  into  the  circulatory  system  and  either  be  thus 
carried  into  distant  and  unnatural  parts  of  the  body,  reappear- 
ing in  abscesses,  and  in  expansions  of  the  eyelids,  or  being 
caught  in  brain  tumors,  which  sooner  or  later  arouse  the  disturb- 
ances that  naturally  result  from  the  presence  of  foreign  bodies 
in  that  organ.     (Looss,  1905:  82.) 

The  migrations  of  smaller  forms,  even  though  they  may  be 
immerous,  are  not  accompanied  ordinarily  by  the  same  effects  as 
those  of  larger  species,  since  the  orifices  they  make  are  sufficiently 
minute  to  close  immediately  after  the  animal  and  prevent  the 
secondary  effects  which  are  due  to  such  abnormal  connections. 
Thus  the  minute  embryo  of  tape  worms  migrate  from  the  alimen- 
tary canal  to  the  point  of  encystment  without  influencing  appre- 
ciably the  host,  and  other  larvae  migrate  through  the  tissues 
with  such  little  disturbance  that  unless  the  numbers  be  large  the 
host  suffers  no  inconvenience. 

Emphasis  should  be  laid  upon  the  extreme  importance  in  the 
economy  of  the  host  which  the  secondary  effects  exert.  The 
abrasion  and  destruction  of  surfaces  and  cells  and  the  opening 
of  abnormal  communications  is  not  per  se  of  such  vital  import- 
ance as  the  results  which  may  follow  through  the  admission  of 
bacteria  from  the  canal  into  the  blood  and  tissues  of  the  animal. 
It  is  frequently  held  that  the  uninjured  mucous  surface  is  resist- 
ant to  the  action  of  bacteria,  and  that  typhoid  and  cholera  germs 
nmst  depend  to  some  extent  upon  diminished  resistance,  func- 
tional or  structural,  for  their  original  introduction  into  the 
tissues  of  the  body.  It  is  certainly  true  that  many  patho- 
genic organisms  exist  in  the  alimentary  canal  without  detriment 
to  the  host  animal,  although  if  permitted  to  pass  into  other 
parts  of  the  body  they  excite  immediately  dangerous  symptoms 
The  perforations  of  the  intestinal  wall  hy  Ascaris  (Guiart,  1900), 
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and  the  escape  of  such  organisms  into  the  body  cavity  gives  at 
once  the  conditions  for  a  serious  if  not  fatal  peritonitis,  and 
Ascaris  is  not  alone  in  this  respect.* 

Examples  of  this  can  be  multiplied,  but  one  will  suffice.  In 
the  etiolog>'  of  appendicitis  certain  factors  are  regarded  as  pre- 
disposing, others  are  direct  causes  of  this  malady.  As  early 
as  1724  Santorini  recorded  the  presence  of  worms,  probably 
Trichuris,  in  the  appendix.  Numerous  later  authors  found  at 
necropsies  Ascaris  and  trichurids  in  this  organ,  as  well  as  cal- 
culi containing  eggs  of  Ascaris  3.riA Oxyurias.  In  190 1  Metschni- 
koff  noted  that  in  several  persons  who  manifested  symptoms 
of  an  appendicitis  when  microscopical  examination  of  the  feces 
demonstrated  the  eggs  of  Ascaris  and  of  Trichuris,  the  admin- 
istration of  a  vermifuge  effected  a  cure.  He  maintained  that 
nematodes  were  the  cause  of  many  cases  of  this  disease  and 
explained  the  role  of  the  parasites  as:  first,  a  direct  mechanical 
or  chemical  action  on  the  appendix  and,  second,  an  indirect  action 
by  the  introduction  of  microbes  into  the  mucosa.  Metschnikoff 
did  not  commit  the  error  attributed  to  him  by  some  authors  of 
regarding  all  cases  of  appendicitis  as  of  parasitic  origin,  but  spe- 
cifically stated  that  there  are  certainly  appendicites  of  different 
origin.  Subsequent  authors  furnished  additional  evidence  of 
the  direct  or  indirect  action  of  parasites  in  producing  appendi- 
citis (Schiller,  1902),  while  others,  thought  admitting  the  possi- 
bility that  nematodes  may  inoculate  the  intestinal  nmcosa  with 
bacteria,  regarded  this  as  an  inappreciable  factor  in  appendicitis 

*Piana  was  the  first  to  note  that  the  migration  of  Cysticerciis  pisiformis 
into  the  liver  of  the  rabbit  could  introduce  bacteria.  In  two  cases  of  tuber- 
cular peritonitis  of  dog  associated  with  Dioctophyme  renale  in  the  abdominal 
cavity  Galli-Valerio  (1903:  354)  advanced  the  view  that  migration  of  the 
nematode  made  possible  the  development  of  the  bacillus  or  carried  it  into 
cavity.  It  has  recently  been  clearly  shown  that  the  pin  worm,  Oxynrias, 
has  burrowed  into  the  wall  of  the  canal  and  produced  there  microscopic 
ulcerations,  while  it  seems  probable  that  it  has  actually  made  its  way 
through  the  wall  into  the  cavity  of  the  pelvis  (Vuillemin,  1902).  This 
perforating  action  places  Oxyiirias  also  in  the  ranks  of  parasitic  introducers 
of  bacteria. 
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since  their  presence  in  this  organ  constitutes  a  pathological 
rarity.* 

Evidently  in  producing  ulcerations  of  the  intestinal  mucosa 
parasites  facilitate  the  absorption  of  toxins  from  the  canal  and 
permit  the  inoculation  of  this  layer  with  pathogenic  bacteria 
from  the  intestinal  contents.  (Blanchard,  1904.)  They  can 
thus  be  the  agents  of  inoculation  for  numerous  diseases. 
Guiart  (1905),  who  defends  this  view  most  strongly,  believes 
that  intestinal  parasites  play  an  important  role  in  the  etiology 
of  diseases  of  the  intestine  and  liver,  such  as  insects  play  in  the 
etiology  of  blood  infections.  He  advances  evidence  to  support 
the  view  from  the  records  of  both  human  and  comparative 
parasitology.  While  recognizing  fully  that  the  infections  are 
bacterial,  he  emphasizes  the  necessity  of  some  inoculating  agent 
as  in  a  sense  the  most  important  element  since  pathogenic 
bacteria  are  generally  present  in  the  alimentary  canal.  No  one 
can  doubt,  he  maintains,  that  Eberth's  bacillus  is  the  agent  of 
typhoid  fever,  but  there  is  reason  for  regarding  it  as  innocuous 
if  the  intestine  is  undamaged.  In  a  population  drinking  con- 
taminated w-ater  only  a  few  persons  in  reality  are  infected. 
Any  intestinal  parasite  capable  of  inflicting  a  wound  may  infect 
the  host  if  the  bacillus  is  present.  The  infecting  agent  may  be 
an  Ascarid,  a  hook  worm,  a  fly  larva;  most  commonly  Guiart 
believes  it  to  be  the  whip  worm  {Trichuris)  which  bores  into 
the  folds  of  the  intestinal  mucosa  with  its  attenuated  anterior 
end.  This  parasite  Guiart  (i 901)  calls  the  lancet  of  inoculation, 
and  demonstrated  its  presence  in  eleven  out  of  twelve  typhoid 
cases  in  one  group.  It  is  interesting  to  note  that  in  1762  this 
species  was  looked  upon  as  the  cause  of  typhoid  and  its  abun- 
dant presence  was  noted  in  many  epidemics  by  early  investi- 

*Galli-Valerio  (1903)  has  subjected  a  recent  fatal  case  of  appendicitis  to 
most  careful  examination  and  finds  in  the  contents  of  the  perforated  appen- 
dix numbers  of  Oxyuria';  vermicularis  and  eggs  of  Trichuris,  while  sections 
demonstrated  numerous  perforations  of  the  mucosa  made  apparently  by 
the  parasites  and  in  one  case  the  worm  still  within  the  tissue.  Neither  the 
presence  of  the  parasites  nor  the  evidences  of  their  work  could  have  beea 
determined  without  a  microscopic  examina.tion,  and  in  view  of  the  usual 
lack  of  such  examination  this  is  sufficient  answer  to  the  objections  cited 
above  to  the  probable  r61e  of  parasites  in  the  etiology  of  this  disease. 
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gators.  After  having  gone  to  the  opposite  extreme,  scientific 
opinion  now  shows  a  tendency  to  return  to  its  carHer  position 
and  to  regard  the  parasite  an  active  factor  in  the  introduction 
of  the  disease. 

This  unfortunate  function  as  introducers  of  bacteria  is, 
however,  not  confined  to  intestinal  parasites.  The  chigo,  or 
"jigger  "  a  sand  flea  of  some  tropical  regions,  which  burrows  into 
the  feet  of  natives,  renders  its  host  thereby  exceedingly  liable 
to  infection,  which  in  its  secondary  effects  in  the  tropical  clime, 
makes  of  a  trivial  injury  one  of  serious  consequence.  The 
Guinea  worm  which  burrows  through  connective  tissue  ap- 
proaching the  surface  at  the  time  when  it  desires  to  deposit  its 
embryos  and  producing  there  small  ulcers  or  openings  to  the 
exterior,  menaces  the  well-being  of  its  host,  not  by  virtue  of  its 
own  activity,  but  through  the  chance  for  infection  to  which  it 
has  subjected  the  host. 

Parasites  in  many  cases  produce  morphological  or  structural 
changes  in  their  hosts,  which  may  be  classed  in  general  as 
progressive  histological  changes  in  that  they  lead  to  the  accu- 
mulation of  material  through  the  multiplying  of  the  host  cells. 

Billroth  indicated  the  extremely  important  fact  that  the 
multiplication  of  epithelial  cells  is  caused  by  infection  with 
micro-organisms,  and  it  has  been  shown  that  protozoa  as  well 
as  bacteria  may  cause  infected  cells  to  nmltiply.  (Doflein,  1901 .) 
Thelohan  has  shown  that  myxobolid  infection  produces  a 
proliferation  of  muscle  cells.  Hofer  and  Doflein  ascertained 
that  in  kidney  infection  by  myxobolids  increased  growth  in  the 
skin  resulted.  It  is  also  a  distance  effect,  if  not  so  great,  when 
according  to  I^euckart  the  epithelial  cells  in  coccidial  nodules 
of  the  rabbit  liver  increase  strongly  in  numbers.  Among  the 
epizoa  there  are  many  which  produce  such  growths  in  the 
epithelium.  The  various  species  of  itch  mites  excite  a  pro- 
liferation of  the  cells  until  there  are  formed  crusts  or  thickened 
masses  of  considerable  extent  in  which  the  galleries  of  the 
mites  are  constructed.  These  proliferations  are  said  to  be  due 
merely  to  the  mechanical  stimidus  exerted  by  the  mites,  and 
the  crusts  are  formed  by  the  addition  of  serous  exudates. 
Such  formations  are  thoroughly  characteristic  of  the  work  of 
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these  parasites.  Less  well  known  are  other  cases  of  the  same 
type  such  as  that  of  gall-producing  copepods  which  infest 
actinia. 

But  such  stimulation  is  not  always  purely  indefinite.  Para- 
sites often  produce  unusual  forms  in  the  region  of  the  host  in 
which  they  reside;  thus,  \\'oodworth  (1897)  examining  a  skull 
of  the  common  skunk,  found  that  prominent  swellings  in  the 
frontal  bones  near  the  sagittal  plane  were  due  to  a  nematode. 
The  bone  was  extremely  thin  and  in  the  subjacent  frontal  sinus 
lay  a  nest  of  fifteen  to  twenty  of  these  parasites.  The  belief 
was  expressed  that  the  prevalent  frontal  enlargements  of  other 
American  Mustelidae  are  probably  due  to  the  same  parasite. 

Perhaps  the  most  common  form  of  morphological  change  on. 
the  part  of  the  host  is  the  production  of  a  cyst  about  the  para- 
site. It  is  composed  in  most  instances,  in  part  at  least,  by  the 
host  animal,  and  consists  in  its  simplest  form  of  an  enveloping" 
mass  of  connective  tissue.  This  reaction  against  the  invasion 
of  the  parasite  is  found  in  almost  all  groups. 

The  formation  of  pearls  appears  to  be  due  regularly,  if  not 
exclusively,  to  the  intrusion  of  parasitic  larvae.  The  host 
responds  to  the  mechanical  or  chemical  stimulus  of  the  in-wan- 
dering larva  by  producing  an  epithelial  sac  which  surrounds  the 
parasite.  Such  a  cyst  formation  by  the  host  very  generally 
follows  when  a  parasite  settles  down  to  enter  upon  a  resting" 
stage  in  the  body  of  the  host.  But  here  the  character  of  the 
cyst  wall  leads  normally  to  the  formation  of  a  deposit  of  lime 
of  the  same  sort  as  the  inner  lining  of  the  mollusk  shell,  and  the 
larval  parasite  becomes  the  nucleus  of  a  pearl.  This  stimulus 
to  pearl  formation  is  not  given  by  any  particular  species  of 
parasite  but  is  traceable  even  to  members  of  different  classes  of 
animals.  Thus  in  European  mussels  (Dubois,  1901 ;  Perrier, 
1903)  pearls  are  formed  about  the  cercaria^  of  Trematodes.* 

But  in  the  Ceylon  pearl  oyster,  which  is  more  nearly  related 

*In  one  case  carefully  elucidated  by  Jameson  (1902)  the  adult  fluke 
inhabits  the  eider  duck  and  the  scoter,  its  sporocyst  occurs  in  the  cockle, 
while  the  tailless  cercaria  is  found  in  the  mussel  and  forms  the  nucleus  of 
the  small,  lusterless  pearls  of  that  species.  Another  trematode  is  the  cause 
of  pearl  formation  in  the  fresh -water  anodons. 
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to  the  mussels  than  to  the  oyster,  the  formation  of  pearls  is  due 
to  certain  cestode  larvae  which  undergo  a  portion  of  their  devel- 
opment in  the  tissue  of  the  liver,  gills  and  mantle  of  the  pearl 
oyster.  Of  these  larvae,  such  as  for  some  yet  unexplained 
reason  do  not  succeed  in  carrying  out  their  life  cycle,  become 
immured  in  the  center  of  a  pearl.  Shipley  and  Hornell  (1904), 
who  have  investigated  with  success  these  phenomena,  say : 
"economically  these  unpleasant  little  creatures  are  of  supreme 
importance  to  the  Ceylon  pearl  fishery,  as  their  presence  in 
the  oyster  causes  the  formation  of  the  finest  quality  of  pearl 
and  those  of  the  highest  luster."  Another  economic  factor 
may  be  merely  noted  in  passing.  In  1859  Kelaart  called  atten- 
tion distinctly  to  the  possibility  of  infecting  other  beds  with  the 
larvae  of  the  pearl-producing  parasites  in  order  to  increase  the 
quantity  of  pearls.  Beds  of  Ceylon  pearls  might  thus  be  grown 
in  other  parts  of  the  world.  (Giard,  1903)  Kelaart  says  that 
the  nucleus  of  an  American  pearl,  drawn  by  Mobius,  is  of  nearly 
the  same  form  as  that  found  in  the  pearl  oyster  of  Ceylon. 

It  is  interesftng  to  note  in  comparison  the  record  of  Johnstone 
(1905:  116)  that  in  the  gurnard  small  paarl-like  bodies  are 
found  adhering  to  the  peritoneal  investment  of  the  intestine. 
The  concetion  is  made  up  of  a  great  number  of  concentric 
lamellae  which  seem  to  consist  of  wavy  bundles  of  connective 
tissue.  These  structures  are  probably  derived  from  Tetra- 
rhynchus cysts  from  which  the  larvae  had  escaped  and  which  had 
then  undergone  calcareous  degeneration. 

The  amount  of  growth  may  be  much  greater  than  thus  far 
indicated,  and  a  condition  among  animals  closely  analogous  to 
the  formation  of  galls  on  plants  has  been  observed  by  Nutting 
(1905).  In  certain  Alcyonaria  a  tunnel  formed  of  excessively 
enlarged  spicules  is  found  along  one  side  of  the  stem  or  branch. 
The  abnormal  structure  is  due  to  an  annelid.  Greatly  enlarged 
polyps  in  another  genus  owe  their  origin  to  the  presence  of 
Crustacea  or  some  other  form  of  parasite. 

Continued  efforts  have  been  made  to  demonstrate  that  the 
extensive  pathological  growths  found  in  animals  are  due  to 
the  stimuli  exerted  by  minute  parasitic  forms.  It  has  been 
:r'iown  that  in  plants  such  abnormal  growths  are  due  to  the 
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encroachments  of  parasites;  but  the  effort  to  identify  animal 
organisms  as  the  cause  of  cancerous  and  other  abnormal  growths 
has  in  the  opinion  of  most  investigators  failed  to  establish  a 
case. 

When  we  seek  to  ascertain  the  causes  of  the  morphological 
changes  which  result  from  the  influence  of  the  parasite  on  its 
host  it  is  difficult  in  the  present  state  of  knowledge  to  find  any- 
very  definite  explanation.  Localized  growth  is  ordinarily  a 
factor  of  differentiation,  but  here  it  has  no  reference  whatever 
to  that  process.  Davenport  in  his  admirable  treatise  on  exper- 
imental morphology  (1899)  has  given  a  very  clear  discussion  of 
the  factors  in  the  effect  of  chemical  and  physical  agents  upon 
growth,  and  has  brought  together  the  evidence  which  shows 
the  acceleration  of  growth  b}'  contact,  by  cutting,  and  by 
chemical  stimulus.  Now  an  examination  of  the  cases  in  which 
growth  is  induced  by  parasites  leads  to  the  conviction  that 
neither  contact  nor  cutting  can  be  a  stimulating  factor,  since 
there  are  too  many  cases  of  parasitism  in  which  no  growth  is 
produced,  while  in  the  exceptional  case  the  presence  of  the 
parasite  stimulates  considerable  growth  activity.  To  be  sure 
it  has  already  been  suggested  that  the  formation  of  a  cyst  about 
a  resting  parasite  is  a  normal  activity  of  the  host  and  occurs 
very  generally  if  not  universally.  This  may  be  the  result  of 
a  contact  stinmlus;  it  may  also  be  explained  on  the  same  basis 
as  the  other  cases,  viz.,  as  a  result  of  chemical  stimulus.  Under 
the  discussion  of  the  acceleration  of  growth  by  chemical  stimulus, 
Davenport  (1899:  332)  says:  "It  is  clear  from  this  table  that 
the  addition  of  even  small  quantities  of  innutritions  and  poison- 
ous substances  may  so  affect  the  hylogenic  processes  as  to  cause 
twice  or  even  far  more  than  twice  the  normal  formation  of  dry 
substance  in  a  given  time,  and  that  this  excessive  growth 
increases  with  the  concentration  of  the  poisonous  substances 
up  to  a  certain  optimum  beyond  which  growth  declines  again 
to  below  the  normal." 

In  suggesting  that  the  stimulation  of  growth  by  parasites  is 
traceable  to  a  chemical  stimulus,  and  that  the  stimulating 
substance  is  a  poison,  I  am  advancing  a  hypothesis  which,  even 
though  it  is  a  purely  tentative  one,  may  well  engage  our  con- 


HENRY    B.    WARD.  505 

sideration  for  a  moment.  Each  parasite  in  the  course  of  its 
activities  produces  a  certain  amount  of  waste  material.  It 
may  safelv  be  affirmed  that  this  substance,  which  in  the  case 
of  a  resting  parasite  must  be  discharged  directly  into  the  tissue 
of  its  host,  is  to  that  tissue  poisonous.  If  such  material  is  given 
off  in  small  amount  it  will  evidently  act  as  a  stimulant  upon  the 
surrounding  cells  and  be  the  factor  in  bringing  together  the 
leucocytes  which  accumulate  about  the  invading  organism. 
An  inert  body  of  the  same  size,  if  introduced  into  the  same  po- 
sition, would  not  induce  the  formation  of  a  cyst  or  certainly  the 
tissue  proliferations  which  accompany  in  some  cases  the  attacks 
of  parasites.  It  may  even  be  doubted  whether  under  the 
conditions  for  pearl  formation,  grains  of  sand,  as  formerly 
believed,  will  give  the  proper  stimulus  for  the  formation  of  the 
pearl.  The  important  factor  then  must  be  one  which  is  asso- 
ciated with  the  organism,  not  as  an  object  occupying  space, 
but  as  a  living  thing,  and  the  most  evident  characteristic  of 
this  is  the  giving  off  of  waste  matter.  This  leads  naturally  to 
the  next  subdivision  of  the  subject. 

As  physiological  effects  may  be  grouped  together  those 
influences  of  the  parasite  on  the  host  which  express  themselves 
in  the  limitation  or  modification  of  the  normal  physiological 
processes  of  the  latter.  In  some  cases  it  is  often  true  here  that 
the  primary  eft'ect  is  hidden  and  that  the  secondary  result 
alone  can  be  seen.  It  is  sometimes  possible  to  determine  the 
primary  result  by  study  of  the  secondary,  and  to  see  the  way 
in  which  it  has  been  brought  about.  In  other  cases  we  merely 
know  the  secondary  effects  without  being  able  to  disentangle 
from  the  complicated  scries  of  phenomena  the  primary  cause. 
Furthermore  those  interferences  with  normal  function  which 
are  grouped  under  this  heading  are  not  such  as  might  be  traced 
to  the  action  of  the  parasite  as  a  foreign  body,  but  such  as  are 
related  to  its  own  activity  as  a  living  organism.  It  will  be  seen 
that  the  distinction  here  is  not  perfectly  clear,  and  perhaps 
somewhat  artificial,  for  the  mechanical  disturbances  of  para- 
sitism interfere  with  the  normal  activities  of  the  host  in  the 
same  wav  that  other  foreign  bodies  may  modify  or  limit  the 
working  of  the  same  organism.     However,  it  is  my  intention 
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under  this  heading  to  consider  the  results  which  come  from  the 
contact  of  hfe  with  hfe,  the  interaction  of  function  with  function. 

Perhaps  the  most  evident  factor  and  the  most  frequently 
mentioned,  certainly  the  first  to  be  noted  in  this  connection,  is 
the  absorption  of  nutriment.  The  parasite  demands  a  certain 
amount  of  food  matter  to  carry  on  its  own  vital  processes. 
This  food  matter  is  furnished  so  far  as  endoparasites  are  con- 
cerned at  least,  in  a  partially  or  fully  digested  condition,  by  the 
host  animal.  Many  observers  have  maintained  that  the  actual 
lass  to  the  host  in  this  wa}''  is  so  slight  as  to  be  negligible. 

Leuckart  (1879:  161)  says  that  a  Dibothrioccphahis  latus  7 
meters  in  length  weighs  27.5  grams,  and  gives  off  in  a  year  a 
total  of  15  to  20  meters  of  proglottids  of  a  weight  of  approx- 
imately 140  grams,  and  that  Tania  saginata  produces  daily  on 
the  average  1 1  proglottids,  an  amount  equal  to  about  550  grams. 
These  figures  have  been  taken  by  some  to  indicate  the  actual 
loss  of  food  material  on  the  part  of  the  host;  this  would  be 
evidently  insignificant  in  comparison  with  the  amount  con- 
sumed by  a  man  within  the  year.  It  has  even  been  suggested 
that  the  increased  appetite  induced  by  the  presence  of  the 
parasite  more  than  compensates  for  this  slight  loss.  It  would 
appear,  however,  that  such  a  method  of  statement  is  exceedingly 
inadequate.  It  is  very  difficult  to  estimate  the  amount  of  food 
consumed  by  an  animal  in  proportion  to  its  weight,  but  it  is 
certainly  grossly  insufficient  to  indicate  this  in  any  way  as 
commensurate  with  the  amount  of  growth  which  the  animal 
achieves  within  a  given  period. 

There  is  also  another  factor  which  must  be  taken  into  account, 
viz.,  that  the  parasite  consists  almost  exclusively  of  actively 
functioning  organs,  and  that  there  is  a  minimum  of  such  inert 
parts  as  skeletal  structures  which  add  greatly  to  the  weight  of 
an  animal,  but  do  not  involve  the  consumption  of  food  material 
for  their  maintenance.  It  has  been  shown  recently  (Weinland, 
1901)  that  parasites  contain  a  large  amount  of  glycogen;  in 
analyses  from  one-fourth  to  one-third  of  the  dry  weight  consists 
of  this  material.  The  highest  value  previously  known  was  14 
per  cent,  in  Cardimn  (a  mollusk)  and  mammals  apart  from  the 
liver  have  only  about   3   per  cent.     Later  the   same   author 
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{Weinlaiid,  1901a)  demonstrated  that  the  vital  processes  of 
Ascaris  proceed  without  oxygen  and  involve  a  fermentation 
process,  resembling  that  of  bacteria  and  yeast  in  producing 
butyric  acid  and  alcohol.  The  possibility  of  such  a  wasteful 
process,  measured  in  calories  actually  used,  is  found  in  the 
especiallv  favorable  conditions  of  existence  of  the  parasite 
which  afford  it  carbohydrates  in  superabundance  and  both 
protection  and  warmth  from  the  host.  But  naturally  the 
'waste  of  the  process  means  draft  on  the  host. 

Furthermore,  the  presence  of  the  glycogen,  which  is  unques- 
tionably reserve  material,  indicates  unmi  takably  that  meta- 
bolic processes  are  exceedingly  active  in  the  organism.  Another 
indication  of  the  same  thing  is  to  be  found  in  the  reproductive 
activity.  The  tapeworm  is  producing  and  maturing  an  enor- 
mous number  of  eggs,  each  of  which  is  supplied  with 
a  considerable  yolk  dowry.  It  is  safe  to  affirm  that  during 
reproductive  periods  the  draft  of  any  animal  upon  its  food 
supply  is  at  a  maximum.  All  of  these  three  items,  then,  the 
rapid  growth  of  the  individual,  the  production  of  an  unlimited 
supply  of  reserve  material,  and  the  extreme  reproductive 
activity,  point  to  a  heavy  draft  upon  the  host.  I  have  been 
unable  to  fmd  any  calculations  which  might  be  applied  to  such 
organisms  as  parasites  with  any  likelihood  that  they  would 
yield  even  approximate  estimates  of  the  material  actually 
consumed.  It  would  seem  clear  that  previous  calculations 
are  incomplete  and  that  the  draft  on  the  host  is  far  greater  than 
has  been  imagined  heretofore. 

An  important  effect  on  the  host  is  traceable  to  the  increase 
in  the  size  of  the  parasite.  This  normal  accompaniment  of 
growth  is  most  significant  when  the  parasite  occupies  a  limited 
space  or  when  the  increase  in  size  is  marked.  The  brain 
•cysticercus,  ordinarily  found  in  a  ventricle,  grows  until  the 
cavity  is  occupied  and  then  pressure  upon  the  nervous  tissue 
brings  a  sudden  end  to  the  life  of  the  host.  A  liver  hydatid 
may  continue  to  grow  almost  without  limit  and  only  when 
important  structures  become  involved  is  the  pressure  of  serious 
moment.  ]\Iost  bladder  worms  do  not  exceed  insignificant 
limits  in  growth  and  consequently  exert  little  or  no  influence 
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on  the  host.  The  echinococcus,  through  its  indefinite  growth, 
is  sure  to  reach  a  size  which  will  interfere  with  the  activity  of 
the  host,  and  from  its  usual  location  in  the  liver  is  likely  to 
include  important  vessels,  or  nerves,  and  lead  to  fatal  inter- 
ference with  normal  functions. 

Another  general  influence  which  parasites  are  thought  to 
exercise  on  the  host  is  explained  by  the  hypothesis  of  reflex 
nervous  action.  According  to  this  view  intestinal  parasites 
affect  the  host  by  irritating  the  nerve  terminations  and  pro- 
voking in  reflex  fashion  the  varied  troubles  of  helminthiasis 
which  the  clinician  recognizes.  This  is  a  role  which  has  been 
regularly  ascribed  to  them  and  yet,asGuiart  (1905:  176)  says, 
this  view  is  in  fact  a  pure  hypothesis.  It  has  been  invoked  as 
an  easy  way  to  explain  the  results  of  parasitism  and  though 
attractive  by  its  very  simplicity,  no  evidence  has  been  elucidated 
in  its  support,  while  at  the  same  time  many  grounds  have  been 
advanced  for  other  views.  Accordingly,  it  is  my  intention  to 
pass  this  hypothesis  with  the  mere  mention. 

It  has  been  frequently  noted  that  parasitic  infestation  tends 
to  retard  the  development  of  the  host  organism.  In  fact  it 
does  not  hinder  the  general  growth  of  the  host  strikingly  but 
arrests  primarily  its  sexual  development.  This  has  been 
especially  investigated  by  Alfred  Giard  (1896),  who  denom- 
inates the  phenomenon  parasitic  castration  and  defines  it  as 
the  sum  total  of  modifications  produced  by  a  parasite  on  the 
reproductive  apparatus  of  its  host,  or  on  the  portions  of  the 
organism  indirectly  in  relation  with  that  apparatus.  The 
phenomenon  appears  to  be  wide-spread,  instances  being  found 
in  all  branches  of  the  animal  kingdom  and  as  the  result  of  the 
most  varied  sorts  of  parasites.  The  character  of  this  influence 
becomes  evident  through  a  simple  comparison. 

When  an  organ  acquires  undue  importance  one  of  the  first 
physiological  results  of  its  hypertrophy  is  the  arrest  of  sexual 
reproduction.  Similarly  when  a  parasite  develops  in  an  organ- 
ism it  causes  sterility  in  its  host.  Such  parasitic  castration 
may  be  direct  or  indirect.  The  first  case  is  met  when  the 
parasite  destroys  directly  by  mechanical  means,  or  for  its 
nutrition,  the  genital  glands  of  its  host.     Parasitic    castration 
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is  indirect  when  the  producing  parasite  is  not  directly  in  relation 
with  the  genital  glands,  but  in  some  other  part  of  the  body  of 
the  host.  Parasitic  castration  may  also  be  temporary  and 
then  disappear  when  the  parasite  is  suppressed. 

The  modifications  caused  by  parasitic  castration  affect  the 
genital  organs,  the  secondary  sexual  characters  and  the  sexual 
instincts  of  the  infested  animals;  it  may  be  partial  to  any 
degree  and  may  exert  the  same  influences  on  the  secondary 
sexual  characters  as  age  or  as  artificial  castration.  Each  one 
of  the  sexes  loses  more  or  less  its  characteristic  attributes  and 
tends  to  acquire  in  the  same  degree  those  of  the  opposite  sex. 
Thanks  to  the  effectiye  labors  of  Professor  Giard  this  phase  of 
the  influence  of  parasites  on  the  host  is  more  carefully  worked 
out  in  comparatiye  fashion  than  any  other  in  the  entire  category. 
Howeyer,  it  would  be  clearly  impossible  within  the  necessary 
limits  of  this  address  to  present  the  mass  of  evidence  which  he 
has  collected  from  all  parts  of  the  animal  and  plant  kingdoms. 

A  change  which  is  mechanical  to  a  certain  extent  and  yet 
which  has  results  of  far  deeper  character,  is  the  destruction  of 
tissues  by  such  parasites  as  actually  feed  upon  the  cells  of  the 
host  animal.  This  is  eyidently  due  to  the  functional  activity 
of  the  parasite,  and  for  that  reason  will  lie  outside  of  the  limits 
of  a  purely  mechanical  process  and  may  be  considered  here. 
Schaper  (1889)  has  shown  that  the  liver  fluke  (Fasciola)  feeds 
upon  the  substance  of  the  organ  in  which  it  lives.  Now  this 
destruction  of  liver  tissue  removes  from  functional  activity  a 
certain  portion  of  a  most  important  organ.  In  addition  to 
that  it  is  followed  by  a  growth  of  connective  tissue,  so  that  there 
is  a  permanent  loss  in  the  functional  activity  of  the  organ. 
Many  different  kinds  of  alimentary  parasites  actually  feed  upon 
the  wall  of  the  canal,  with  the  result  that  by  the  feeding  and 
burrowing  of  the  parasites  through  the  mucosa  this  important 
structure  is  destroyed  over  considerable  areas;  the  wall  of  the 
canal  comes  to  be  covered  with  ulcers  and  suffers  at  these 
points  permanent  functional  injury.  (Kurlow,  1902.)  The 
serious  secondary  eft'ects  in  such  cases  have  already  been  noted 
and  they  are  evidently  not  in  any  sense  directly  proportioned 
to  the  extent  of  the  injury,  but  the  primary  eft'ect  upon  the 
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functional  process  of  the  organ  is  directly  related  to  the  number 
of  such  injuries,  or,  in  other  words,  to  the  number  of  parasites 
at  work.  Other  parasites  burrow  into  the  intestinal  wall  and 
produce  there  nodules  of  various  sorts.  Nematodes  particularly 
determine  the  formation  of  such  nodules  in  various  organs  of 
the  host.*  These  nodules  may  be  of  considerable  size,  but  in 
any  event  they  involve  the  destniction  of  some  functional 
tissue  and  the  consequent  impairment  of  the  functional  activity 
of  the  organ. 

Among  the  physiological  activities  of  parasites  none  is  more 
striking  in  its  reaction  upon  the  economy  of  the  host  than  the 
power  that  has  been  acquired  by  some  forms  which  live  upon 
blood  to  secrete  a  substance  that  inhibits  the  coagulation  of 
the  blood.  Leo  Loeb  and  Smith  (1904,  1906)  have  recently 
shown  that  the  hook  worm  secretes  in  glands  of  the  anterior 
body  region  a  substance  which  is  exceedingly  effective  in  inhib- 
iting the  coagulation  of  blood.  This  is  antagonistic  to  the 
normal  reaction  of  the  mucosa.  Consequently  the  points  at 
which  these  parasites  have  attached  themselves  to  the  membrane 
become  seats  of  continued  hemorrhage,  and  in  case  of  a 
numerous  infection  by  the  species  there  are  myriads  of  minute 
hemorrhages  constantly  discharging  bloodf  into  the  cavity  of 

♦Thus  Sderostoma  equinum  produces  tumors  on  the  intestinal  lining 
of  tlie  horse;  Spiroptera  megastoma  in  the  submucosa  of  the  horse;  Spirop- 
tera  sanguinolenia  in  various  organs  of  dog,  fox,  etc. ;  CEsophagostoma  colum- 
bianum  in  the  intestine  of  sheep;  Strongylus  Ostertagi  in  the  fourth  stomach 
of  cattle ;  Giiatkosioma  siamense  in  the  subcutaneous  tissue  of  man  (VauUe- 
geard,  1901). 

fAs  a  matter  of  fact  Looss  (1905:  133)  has  demonstrated  that  blood  is 
not  the  normal  food  of  the  hook  worm,  as  these  parasites  feed  on  the  mucous 
membrane  of  the  host,  and  blood  is  sucked  in  only  when  the  parasite  acci- 
dentally pierces  a  vessel.  Looss  takes  the  position  that  a  toxin  is  produced 
which  acts  hemolytically,  pointing  out  the  fact  that  in  some  fatal  cases  of 
severe  anemia  the  number  of  parasites  found  in  the  intestine  was  too  few 
to  explain  the  severity  of  the  illness.  It  does  not  seem  to  me  to  be  necessary 
to  infer  the  production  of  some  unknown  toxin,  since  the  possession  of. a 
secretion  inhibiting  the  coagulation  of  the  blood  would  account  for  the 
persistence  of  the  hemorrhages,  and  it  is  this  factor  of  continuance  which 
makes  of  them  dangerous  elements.  It  is  well  known  that  the  leech  also 
produces  such  a  substance  in  its  glands. 
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the  Canal.  The  powerful  anemia  which  is  associated  with  the 
parasitism  of  the  hook  worm  receives  in  this  way  a  ready 
•explanation. 

There  are  many  cases  in  which  production  of  diseased  con- 
ditions in  the  host  appears  distinctly  traceable  to  the  presence 
of  a  parasite  and  removable  by  the  removal  of  the  parasite. 
These  diseased  conditions  are  general,  not  local.  They  are 
apparently  due  to  some  abnormal  stimulation  and  have  usuallv 
been  explained  on  the  basis  of  the  influence  of  toxic  materials 
which  the  parasite  produces  (Nuttall,  1899;  but  see  discussion 
in  Blanchard,  1905).  That  parasitic  organisms,  like  all  other 
animals,  produce  waste  matter  and  give  it  off  into  the  fluids  by 
which  they  are  surrounded  is  not  open  to  question.  If  the 
view  already  advanced  of  the  active  metabolism  carried  out  by 
the  parasites,  and  if  the  extremely  highly  developed  excretory 
system  are  correct  indications,  then  the  amount  of  such  waste 
material  eliminated  would  be  proportionately  large.  It  is  also 
undoubtedly  true  that  various  investigators  (Messineo,  1901 ; 
Calamida,  1901 ;  Mingazzini,  1901)  have  been  able  chemically 
to  isolate  toxic  principles  from  the  bodies  of  various  parasites, 
and  that  in  a  number  of  instances  these  substances  have  been 
tested  in  their  effects  on  living  organisms  with  the  result  of 
producing  changes  or  invoking  symptoms  distinctly  analogous 
to  those  which  have  been  recorded  as  the  consequences  of 
infection  by  the  specific  parasite.  It  also  appears  that  the 
evidence  which  has  been  collected  heretofore  seems  to  indicate 
a  difference  in  the  degree  of  the  eft'ect  exercised  by  living  and 
by  dead  helminthes,  for  the  latter  are  nmch  more  dangerous 
than  the  former ;  and  yet  it  should  be  remembered  that  our 
precise  knowledge  of  these  matters  is  exceedingly  limited.  The 
production  of  a  substance  by  extraction  from  a  parasite  is  not 
sufficient  evidence  that  the  animal  actually  eliminates  this 
material.  It  may  be  that  in  the  final  step  of  elimination  there 
are  changes  which  radically  alter  the  character  of  the  substance, 
and  that  consequenth'  there  is  under  natural  conditions  no 
such  material  in  position  to  act  upon  the  host  individual.  It 
should  also  be  remembered  in  this  connection  that  the  parasites 
are  generally  located  in  those  organs  into  which  waste  is  nor 
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mally  eliminated  and  by  which  it  is  discharged  from  the  body; 
and,  furthermore,  that  the  parasitic  organism  sets  free  but  a 
small  amount  of  such  waste  material  at  anv  one  time.  These 
conditions  would  appear  to  indicate  a  minimum  effect  upon  the 
host,  if,  indeed,  any  such  is  exerted;  and  in  some  cases  it  is 
denied  that  an}' such  toxic  material  exists.     (Le  Dantec,  1905  ) 

On  the  other  side,  there  are  also  certain  incontestable  facts. 
Not  only  is  the  recovery  of  such  toxic  substances  from  parasitic 
organisms  by  chemical  means  undoubted,  but  also  it  is  known 
that  as  a  result  of  injury  or  surgical  intervention  when  a  hydatid 
cyst  is  ruptured  and  the  liquid  content  is  diffused  through  the 
body,  there  are  absorbed  from  it  toxic  substances  which  provoke 
serious  results.  Normally,  the  bladder  worm  is  surrounded  by 
a  cuticula  which  retards  osmosis,  so  that  only  a  negligible 
quantity  of  toxin  can  be  dispersed  while  the  rest  is  accumulated 
in  the  vesicle. 

Another  argument  which  has  been  advanced  to  question  the 
actual  relation  of  these  toxic  substances  to  the  pathological 
conditions  of  the  host  is  the  great  amount  of  variability  in 
different  cases,  not  only  as  between  the  effect  of  different 
parasites  which  would  naturally  be  explained  on  the  basis  of 
different  types  of  toxic  substance,  but  also  with  regard  to  the 
effect  of  the  same  parasite  in  different  cases.  Now  this  may 
easily  be  due  to  individual  susceptibility  on  the  part  of  the  host 
animal,  but  there  is  another  feature  which  would  go  far  towards 
explaining  this  variable  effect  and  yet  it  has  never  been  suggested 
in  this  connection.  Under  certain  conditions  an  animal  will 
absorb  toxic  substances  from  its  own  alimentary  canal  and 
induce  diseased  conditions  within  itself  as  a  result  of  this 
perverted  function.  The  application  of  the  same  principle  to 
the  case  of  parasites  would  account  for  the  absorption  of  toxic 
materials  by  one  host  and  their  elimination  in  another  case. 

So  far  as  the  protozoa  are  concerned,  the  evidence  is  positive 
that  in  some  cases  toxic  materials  are  the  cause  of  the  effect 
produced  by  the  parasite.  Thus  the  Hemosporidia  of  malaria 
undergo  their  development  within  the  red  blood  corpuscles,  and 
at  the  time  of  breaking  up  into  spores  the  corpuscle  is  destroyed 
and  the  accumulated  toxic  material  set  free  in  the  blood.     Since 
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the  phenomena  is  synchronous  for  a  large  number  of  the  para- 
sites the  amount  of  toxic  material  set  free  at  once  is  considerable 
and  is  followed  immediately  by  a  febrile  reaction,  the  periodicity 
of  which  is  related  to  the  successive  reproductive  cycles  of  the 
parasite. 

The  case  of  the  Trypanosomes  which  are  the  cause  of  sleeping 
sickness  is  less  defmitcly  demonstrated,  but  apparently  of  the 
same  type.  In  this  disease  no  pathogenic  changes  can  be 
observed  in  the  host  save  a  slight  inflammation  of  the  vascular 
membranes  surrounding  the  spinal  cord  and  brain.  The 
toxins  which  the  organisms  in  the  spinal  fluid  produce  nmst  be 
set  free  in  this  fluid  and  thus  act  directly  upon  the  central 
nervous  system  with  the  lethal  effect  characteristic  of  the 
disease.  There  suit  here  is  certainly  not  morphological  and 
is  satisfactorily  explained  on  the  basis  of  the  production  of  a 
deleterious  chemical  stimulation. 

But  little  is  known  regarding  the  chemical  character  of  the 
substances  under  dispute.  The  indefinite  idea  that  some  toxic 
substance  is  produced  has  been  replaced  in  one  or  two  instances 
by  a  definite  idea  regarding  the  material  and  its  manner  of 
working.  Such  is  the  case  in  hook  worm  disease,  already 
discussed,  and  it  may  be  that  more  extended  study  will  furnish 
clearer  ideas  with  regard  to  other  cases.  Some  observers  have 
determined  the  substances  obtained  extractively  as  leuco- 
maines,  while  in  other  cases  they  have  been  found  to  be  more 
nearly  like  enzymes.  (Rievel  und  Behrens,  1903.)  Certain  of 
them  react  upon  the  blood  with  marked  hemolytic  power, 
while  others  of  the  ferment  character  affect  nerve  centers. 
An  alkaloid  which  arrests  muscular  action  has  also  been  isolated. 

The  most  difficult  case  to  explain  on  any  other  theory  than 
that  of  the  production  of  toxic  principles  is  the  progressive, 
pernicious  anemia,  present  in  some  cases  of  bothriocephalid 
infection.  (Fedorov,  1902.)  In  spite  of  numerous  investi- 
gations the  case  still  remains  obscure,  but  apparently  one  must 
admit  that  at  least  in  special  instances  this  parasite  does  excrete 
a  particularly  active  toxin  having  hemolytic  properties.  Un- 
doubtedly, the  production  of  toxins  by  bacteria  leads  us  to 
expect  similar  substances  in  this  case  also,  but  the  argument 
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from  analogy  is  a  dangerous  one  in  scientific  demonstrations. 
Perhaps  the  strongest  argument  in  favor  of  the  view  that 
parasites  produce  toxic  substances  is  to  be  drawn  from  the 
occurrence  of  eosinophiUa,  which  will  be  considered  next. 

Among  the  white  blood  cells  are  such  as  from  their  affinity 
of  their  granular  contents  for  certain  stains  are  known  as 
eosinophile  cells.  They  constitute  from  2  per  cent,  to  4  per 
cent,  of  the  normal  leucocyte  count,  and  an  absolute  increase 
beyond  the  normal  number  of  250  per  cubic  millimeter  is 
designated  eosinophilia.  The  conditions  which  produce  an 
eosinophilia  vary  so  widely  that  the  cells  have  been  termed  the 
most  capricious  element  of  the  blood.  To  a  certain  extent  this 
seems  true  of  the  many  varied  reports  of  parasitic  invasions  on 
record,  as  some  observers  in  the  case  of  almost  every  species 
record  the  absence  of  any  eosinophilia.  Yet  evidence  is  growing 
that  eosinophilia  is  a  strikingly  constant  symptom  of  infections 
with  animal  parasites,  and  experiments  on  lower  animals  as 
well  as  the  most  careful  and  extended  observations  on  man 
are  nearly  uniform  in  their  testimony  to  the  existence  of  ab- 
normal numbers  of  eosinophile  cells  in  the  blood.* 

Some  authors  indicate  what  may  be  the  explanation  of  the 
negative  results  of  other  observers.  Thus  Calvert  (1902) 
noted  in  cases  of  Filaria  Bancrojti  that  the  development  of  the 
eosinophilia  manifested  a  cyclical  course,  following  by  a  few 
hours  the  periodicity  of  the  embryo  round  worms  in  the  peri- 
pheral blood  and  gradually  decreasing  to  normal  as  the  disease 
progresses.  The  percentage  of  eosinophiles  varied  in  one  case 
from  3  per  cent,  to  15  per  cent,  during  twenty-four  hours.  The 
observation  has  been  confirmed  exactly  by  Gulland,  while 
other  observers  record  similar  or  greater  variations,  though 
the  minimum  figures  are  higher.  In  fact,  such  fluctuations 
seem  characteristic  not  only  for  this  parasite,  but  also  of  most 
other  species.     In  some  cases  the  eosinophilia  does  not  make 

*Thus  tapeworm  infection,  hydatid  cysts,  the  Egyptian  blood  flukes,  and 
many  other  parasites,  are  associated  with  an  increase  in  eosinophile  cells 
in  the  blood.  In  trichinosis  (Rosenbarger,  1901)  it  is  the  rule  and  in  hook- 
worm disease  the  main  feature  of  the  blood  is  an  eosinophilia  both  relative 
and  absolute. 
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its  appearance  at  the  first  of  the  infection  and  after  a  marked 
increase  subsequently  declines  or  even  disappears  as  the  disease 
becomes  chronic.  A  reappearance  of  the  eosinophilia  and  also 
irregular  fluctuations  in  it  during  the  course  of  the  malady  are 
also  noted.  vSuch  variations  have  been  recorded  in  infections 
with  tape-worms,  with  hook-worms,  with  trichinae  and  with 
various  filaria?.  To  what  extent  predisposition  and  imnmnity 
influence  the  phenomenon  can  not  be  judged  at  the  present 
time,  owing  to  insufficient  data  and  incomplete  observations. 
[The  literature  has  been  most  carefully  collated  with  full 
references  in  a  most  valuable  paper  by  Shipley  and  Fearnsides, 
1906.] 

Equally  characteristic  with  these  fluctuations  one  must 
regard  also  the  excessive  degree  of  eosinophilia  in  parasitic 
diseases.  While  under  other  conditions  an  eosinophilia  of  7 
per  cent,  to  10  per  cent,  is  usual,  with  rare  instances  of  35  per 
cent,  to  50  per  cent.,  in  infections  with  animal  parasites  10  per 
cent,  to  30  per  cent,  is  the  average  and  70  per  cent,  to  80  per 
cent.,  or  even  87  per  cent.,  the  extreme.  The  number  of  cases 
with  such  high  percentages  is  large,  even  though  the  records 
in  general  are  not  numerous,  indicating  even  m.ore  distinctly 
the  usual  character  of  the  exceptional  eosinophilia  in  such  cases. 

The  intimate  relation  of  the  eosinophile  cells  to  the  parasite 
is  strikingly  indicated  bv  two  well-established  facts.  The  first 
already  referred  to  is  the  increase  and  decrease  of  these  cells  in 
the  peripheral  blood  as  tlie  embryos  of  Filaria  Bancrojti  appear 
in  the  superficial  capillaries  and  disappear  from  them.  The 
second  was  established  by  Opie  (1904)  experimenting  with 
trichina  on  guinea-pigs.  The  increase  in  eosinophile  cells  does 
not  begin  until  the  embryos  start  to  migrate  and  reaches  its 
maximum  when  the  majority  of  the  embryos  are  in  trans- 
mission from  the  intestinal  mucosa  by  way  of  the  lymphatic 
vessels  and  the  blood  through  the  lungs  to  the  muscular  system. 
Sabrazes  (fide  Shipley  and  Fearnsides,  1906)  also  found  a  great 
accunmlation  of  eosinophile  cells  in  the  vicinity  of  hydatid 
cysts.  All  these  facts  would  seem  to  indicate  not  only  a 
stimulus,  probably  chemical,  inducing  the  multiplication  of  the 
cells,  but  also  a  positive  chomotactic  influence  which  led  the 
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cells  towards  the  source  of  the  stimulus.  Since  the  stiumlus 
originates  from  the  parasites  the  simplest  explanation  finds  it 
in  the  normal  emanations  of  the  animal,  which  as  waste  matter 
may  be  classed  under  the  general  category  of  toxins. 

Among  the  physiological  effects  of  parasitism  is  listed  prom- 
inently the  production  of  a  condition  of  deterioration  in  the 
blood  known  as  anemia,  involving  changes  in  the  red  blood 
cells  and  in  bone  marrow.  In  certain  cases  it  has  been  possible 
to  indicate  with  some  defmiteness  the  cause,  as  in  the  hook- 
worm anemia,  already  discussed.  External  parasitism  of 
blood-sucking  species,  such  as  leeches  or  fish  lice  (argulids) 
(Leger,  1906)  produces  anemic  conditions  through  direct  appro- 
priation of  blood,  and  if  the  parasites  become  numerous,  enough 
is  withdrawn  to  cause  the  death  of  the  host. 

But  after  the  elimination  of  these  instances  there  remain 
others  in  which  an  explanation  can  not  be  given  at  the  present 
time.  The  most  striking  example  of  such  cases  is  that  of  the 
broad  fish  tapeworm  (DiboiJirioceplialns  latus)  frequently 
associated  with  a  severe  form  of  pernicious  anemia  which, 
indeed,  is  given  the  name  of  a  bothriocephalus  anemia.  Also 
Oxyurias  (Thebault,  1902)  and  Ascaris  have  been  found  less 
frequently  in  connection  with  the  same  pathological  condition, 
though  the  connection  is  not  satisfactorily  demonstrated. 
Now  in  all  these  instances  the  amount  of  departure  from  the 
normal  may  vary  from  a  very  slight  anemia  to  the  maximum 
degree,  while  in  many  cases  there  appears  to  be  no  such  effect 
from  the  presence  of  the  parasite.  The  condition  is  also 
distinguishable  from  pernicious  anemia  due  to  inherent  causes 
in  that  it  disappears  promptly  with  the  expulsion  of  the  par- 
asites. (Askanazy,  1895.)  Experiments  made  with  an  extract 
of  the  Dibothriocephalus  injected  into  various  animals  have  been 
successful  in  some  cases  in  producing  an  anemia,  but  in  other 
cases  have  failed.  The  reason  for  this  anemia  is  not  loss  of 
blood,  and  equally  contrary  to  known  facts  are  the  various 
hypotheses,  based  on  the  length  of  stay  in  the  intestine,  the 
predisposition  of  the  host,  and  the  condition  of  the  parasite. 
The  view  that  it  is  due  to  a  toxin  seems  at  present  least  open 
to  criticism. 
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The  discussion  which  has  been  laid  before  you  in  this  address 
involves  many  terms  which  are  rarely  used  in  zoological  circles, 
and  many  animals  which  are  perhaps  equally  unfamiliar.  To 
the  average  zoologist  parasitism  is  a  terra  incognita,  if  not  a 
terra  evitata !  The  biological  problems  it  presents  were  among 
the  very  first  to  be  indicated,  but  have  not  received  their 
proportionate  attention  in  the  intervening  years.  Just  now 
there  seems  to  be  awakened  interest  in  the  subject  and  the 
results  of  investigations  in  this  field  are  most  hopeful.  The 
subject  is  one  which  really  overlaps  the  boundaries  of  zoology 
and  encroaches  upon  the  field  of  physiology  and  of  medicine 
also.  Much  fine  work  has  been  done  on  the  medical  side  of  the 
topic,  but  the  best  results  there  can  not  be  reached  without 
generous  co  operation  from  this  side  also.  It  is  eminently 
fitting  in  this  place  to  recall  the  splendid  researches  on  morbific 
Protozoa  carried  out  by  a  zoologist  on  the  faculty  of  Columbia 
University.  There  is  urgent  need  for  similar  work  on  other 
groups  that  the  medical  investigator  may  be  furnished  with 
those  morphological,  physiological  and  biological  data  upon 
which  the  successful  prosecution  of  his  studies  depends.  The 
work  of  the  zoologists,  Howard  and  J.  B.  Smith,  on  mosquitoes 
made  possible  the  scientific  victories  of  American  physicians 
over  disease  in  Havana  and  New  Orleans.  The  recognition  of 
hook-worm  disease  as  an  important  factor  in  American  medicine 
came  through  the  pioneer  work  of  the  zoologist.  Stiles.  The 
splendid  investigation  of  Councilman  and  his  confreres  on 
smallpox  was  not  complete  without  the  work  of  a  zoologist. 
Calkins.  The  triumphs  of  modern  science  are  being  won  by 
co-operative  efforts  and  these  are  nowhere  more  indispensable 
than  in  the  study  of  animal  life,  so  peculiarly  and  closely  related 
is  it  to  the  progress  of  the  human  reace.  At  no  point,  however, 
is  the  contact  more  intimate  than  here  where  the  zoologist  is 
called  to  join  with  the  investigator  in  medicine  in  achieving 
the  amelioration  of  man's  physical  condition  and  the  suppression 
of  disease. 
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SOME    PHASES    OF    PREHISTORIC     ARCHJEOLOGY. 


The  American  field  for  anthropological  research  is  so  wide 
and  so  fertile  that  it  not  only  monopolizes  the  attention  of 
specialists  at  home,  but  also  attracts  to  our  shores  numerous 
foreign  investigators.  For  attestation  of  this  fact,  one  has 
but  to  cite  the  fourteenth  International  Congress  of  Ameri- 
canists held  in  the  city  of  Quebec  last  September.  The  same 
Congress  had  convened  in  the  New  World  twice  before,  once 
in  New  York  City  and  once  in  the  city  of  Mexico,  the  remaining 
sessions  having  been  held  in  various  European  cities. 

When  foreign  savants  take  such  a  deep  interest  in  our  own 
problems  it  is  fitting  that  we  should  reciprocate  by  at  least 
an  occasional  survey  of  the  foreign  field.  In  looking  over 
the  list  of  vice-presidential  addresses  read  before  this  section, 
I  find  that  two  such  surveys  have  already  been  made.*  The 
address  of  Professor  E.  S.  Morse,  entitled:  "Man  in  the  Ter- 
tiaries,"  was  a  powerful  argument  in  favor  of  the  existence  of 
man's  ancestors  in  Tertiary  times.  Fifteen  years  later  Dr. 
Thomas  Wilson  chose  for  his  subject:  "The  Beginnings  of 
Prehistoric  Anthropology,  "f     He  not  only  had  something  to 

*  Vice-Presidential  Address,  Proc.  A.  A.  A.  S.,  1884,  XXXIII,  579. 
t  Vice-Presidential  Address,  Proc.  A.  A.  A.  S.,  1899,  XLVIII,  309. 
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say  about  Tertiary  man,  but  alsu  covered  the  paleolithic  and 
neolithic  periods.  In  the  more  than  seven  years  that  have 
elapsed  since  Dr.  Wilson 's  address  was  read,  much  progress 
has  been  made  in  the  prehistoric  archaeology  of  Europe. 
This  is  especially  true  concerning  our  knowledge  of  the  eolithic 
question  and  of  paleolithic  art  in  so  far  as  it  has  to  do  with 
engravings  and  frescoes  on  certain  cavern  walls.  In  fact, 
eoliths  and  paleolithic  mural  decorations  were  not  even  men- 
tioned by  Dr.  Wilson.  He  did  refer,  however,  to  Harrison's 
discoveries  of  "paleoliths"  on  the  chalk  plateau  of  Kent,  but 
confused  these  with  the  well-known  river-drift  implements. 

THE    EOLITHIC    PERIOD. 

When  Thorn  sen  published  his  relative  chronology  for  pre- 
historic times  in  1836,  the  only  stone  age  knowm  was  that 
which  is  now  called  the  neolithic  period.  Boucher  de  Per- 
thes's  first  discovery  of  paleoliths  in  the  river-drift  of  the 
valley  of  the  Somme  came  just  two  years  later.  These  river- 
drift  implements,  however,  were  not  accepted  until  after  (Sir) 
Joseph  Prestwich's  visit  to  Abbeville  in  1859. 

Is  there  a  stone  industry  antedating  the  paleolithic?  The 
answer  depends  in  a  measure  upon  the  definition  of  the  term. 
The  Chellean  coup  de  poing  is  quite  generally  looked  upon  as 
representing  the  oldest  paleolithic  industry.  As  to  its  position 
in  the  geological  scale  opinions  differ.  Piette  and  de  Mortil- 
let  placed  it  in  the  Lower  Quaternary.  According  to  the  more 
recent  classifications  of  Rutot  and  Boule,  the  Chellean  belongs 
to  the  Middle  Quaternary.  If  the  latter  view  is  correct,  then 
a  pre-Chellean  industry  need  not  necessarily  be  of  Tertiary 
age.  The  presence  of  artifacts  in  the  Lower  Quaternary  should 
not  be  surprising  even  to  the  most  sceptical.  This  is  particu- 
larly true  in  view  of  the  fact  that  the  well-known  almond- 
shaped  implement  represents  an  advanced  stage  in  the  art  of 
chipping  flint.  While  Professor  M.  Boule  does  not  doubt  that 
industrial  'remains  may  exist  in  the  Lower  Quaternary  and 
even  in  the  Tertiary,  he  denies  that  they  have  as  yet  been 
discovered.     In  his  own  words  as  a  paleontologist  he  has  a 
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firm  faith  in  the  existence  of  Tertiary  man,  traces  of  whom  he 
believes  will  some  day  be  found.  On  the  other  hand,  Dr.  A. 
Rutot  accepts  as  man's  handiwork  the  rudely  chipped  speci- 
mens not  only  from  the  Lower  Quaternary,  but  also  from  the 
Pliocene  and  Upper  Miocene. 

The  first  serious  claim  for  the  existence  of  a  Tertiary  industry 
was  made  by  the  Abbe  Bourgeois  in  1867.  The  subject  at 
once  attracted  considerable  attention;  but  after  a  lively  dis- 
cussion that  lasted  for  five  or  six  years  it  was  relegated  to  the 
background.  The  specimens  that  Bourgeois  found  in  the 
Upper  Oligocene  at  Thenay  are  not  at  present  accepted  as 
artifacts. 

Carlos  Ribeiro's  discovery  of  chipped  flints  in  the  Upper 
Miocene  and  Lower  Pliocene  at  Otta  and  other  localities  near 
Lisbon  was  announced  in  1871.  An  account  of  Delgado's 
researches  at  Otta  was  published  in  1889.  Professor  Verworn,* 
who  recentlv  visited  this  locality,  is  of  the  opinion  that  the 
deposits  there  have  been  so  disturbed  as  to  make  the  age  of 
the  artifacts  doubtful.  They  may  be  paleolithic  and  even 
neolithic. 

The  problem  is  simpler  at  the  classic  stations  near  Aurillac 
(Cantal).  The  best  known  of  these  are  at  Puy-Courny  and 
Puy  de  Boudieu.  Here  the  deposit  in  question  is  of  Upper  Mio- 
cene age,  fossiliferous  and  undisturbed.  It  is  covered  by  a  bed 
of  andesitic  tufa  that  attains  in  places  a  thickness  of  from  sixty 
to  one  hundred  meters.  There  is  no  doubt  as  to  the  geological 
age  of  the  chipped  flints.  As  to  the  nature  of  the  chipping, 
however,  opinions  differ. 

When  attention  was  called  to  the  first  specimens  discovered 
by  Rames  in  1877,  such  well-known  authorities  as  de  Mortillet, 
Cartailhac,  Chantre,  de  Quatrefages  and  Capellini  declared  that 
if  these  flints  had  been  found  in  Quaternary  deposits,  no  one 
would  hesitate  to  regard  them  as  artifacts.  The  Cantal  indus- 
try has  been  carefully  studied  in  more  recent  years  by  Capitan, 
Rutot,  Courty,  Klaatsch  and  Verworn,  all  of  whom  have  de- 
cided in  favor  of  its  genuineness. 

*  Max  Verworn.  Archaolithische  und  palaolithische  Reisestudien  in 
'Frankreich  und  Portugal.     Zeit.  fur  Ethnol.,  1906,  S.  611. 
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The  revival  of  interest  in  a  pre -paleolithic  industry  in  Eng- 
land began  when  Mr.  Benjamin  Harrison  of  Ightham,  Kent, 
who  had  been  collecting  paleoliths  from  the  river-drift  of  the 
neighborhood  for  years,  extended  his  field  of  search  in  1885 
to  include  the  summit  of  that  portion  of  the  chalk  plateau 
which  lies  between  the  valley  of  the  Darent  on  the  west,  and 
that  of  the  Medway  on  ths  east.  Here  at  heights  of  from  four 
hundred  to  seven  hundred  feet  above  the  sea,  he  discovered 
flints  supposed  to  have  been  chipped  by  the  hand  of  man. 

As  Harrison's  collection  grew  it  was  submitted  to  Sir  Joseph 
Prestwich,  whose  country-seat  was  at  Shoreham  in  the  Darent 
valley  near  by.  Thirty  years  earlier  Prestwich  had  confirmed 
the  accuracy  of  Boucher  de  Perthes 's  discoveries  in  the  valley 
of  the  Somme.  Who  could  be  better  fitted  than  he  to  answer 
the  questions  as  to  the  age  of  the  specimens  and  of  the  southern 
drift  in  which  they  occur,  as  well  as  to  the  character  of  the 
chippings?  According  to  Prestwich,  the  rudely  chipped  flints 
are  artifacts  and  are  as  old  as  the  southern  drift.  They  are 
both  older  than  the  northern  drift  or  boulder  clay,  and  hence 
pre-glacial.  Rutot  places  them  in  the  Middle  Pliocene.  The 
southern  drift  (with  implements)  was  transported  across  the 
chalk  escarpment  and  the  chalk  plain  into  the  Thames  valley 
along  lines  independent  of  the  present  drainage;  the  patches 
that  are  now  left  on  the  highest  points  (eight  hundred  and 
sixty-four  feet  at  Titsey  hill  west  of  the  Darent  valley),  mark- 
ing what  were  then  the  valleys. 

Mr.  J.  Allen  Brown,*  in  discussing  the  specimens  found  on 
the  North  Downs  by  Harrison,  was  the  first  to  propose  the 
term  "eolithic,"  now  so  much  in  evidence.  Two  years  later, 
G.  de  Mortillet  made  use  of  the  term  in  his  Classification  pal- 
ethnologique,-\  applying  it  to  the  Tertiary  only.  Dr.  RutotJ 
does  not  Hmit  the  eoHthic  period  to  the  Tertiary.  In  his 
classification,   as  previously  stated,   the  early   phases  of  the 

*Jour.  Anthr.  Inst.,  March  8,  1892,  XXII,  93-94. 
fBull.  Soc.  d'anthr.  de  Paris,   1894,  p.  616. 

J  Bull.  vSoc.  beige  de  geol.,  de  paleon.  et  d'hydrol.,  Bruxelles,  1903, 
XVII,  425. 
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Quaternary  are  also  eolithic,  the  well-known  hache  type 
(Chellean)  not  appearing  until  the  second  advance  of  the  ice. 

Eoliths  are  by  no  means  confined  to  Kent.  They  have  been 
found  by  Shrubsole  in  Berkshire;  by  Blackmore,  Bullen  and 
others  near  Salisbury,  Wilts;  at  Dewlish  in  Dorset;  also  in 
Surrey,  Hampshire,  the  southern  part  of  Essex  and  Norfolk. 
Mr.  Percival  A.  B.  Martin  has  found  eoliths  at  a  number  of 
places  on  the  South  Do^vns  in  the  neighborhood  of  Eastbourne 
and  Beachy  Head. 

Are  eoliths  artifacts?  This  is  the  fateful  question.  Their 
geological  age  is  of  no  consequence  if  they  are  only  natural 
forms  and  have  never  been  used  by  man  or  his  precursor.  The 
first  flakes  to  be  utilized  were  in  all  probability  natural  forms. 
It  is  not  likely  that  eolithic  man  knew  how  to  obtain  the  raw 
material  from  the  chalk.  He  depended  on  picking  up  from 
the  drift  flakes  of  approximately  the  shape  and  size  needed. 
A  sharp  edge  was  utilized  once,  twice,  or  until  it  became  dulled, 
and  was  then  cast  aside.  If  an  angular  piece  did  not  admit 
of  being  comfortably  grasped  in  the  hand,  the  troublesome 
comers  were  removed.  Such  conclusions  as  these  are  forced 
upon  one  after  careful  examination  of  a  series  of  the  specimens 
in  question.  Would  the  same  conclusions  be  so  irresistible 
if  these  objects  were  merely  Nature's  playthings?  Many  may 
even  be  grouped  according  to  more  or  less  definite  patterns. 
Two  of  these  deserve  special  mention,  viz.,  the  small  crescent- 
shaped  scrapers  comparable  to  the  spoke-shave,  and  the  double 
scrapers  with  an  intervening  point  between  the  two  scraping 
edges.  Sometimes  two  margins  are  worked,  but  on  opposite 
sides.  That  is  to  say,  after  chipping  one  of  the  margins, 
instead  of  rotating  the  specimen  until  the  adjacent  margin 
comes  into  play,  it  was  reversed. 

Belgian  archaeologists  were  among  the  first  contributors  to 
our  knowledge  of  a  pre-Chellean  industry.  The  discoveries 
by  Neyrinckx  in  the  railway  cut  at  Mesvin  between  Mons  and 
Harmignies,  date  from  1868.  M.  Emile  Delvaux  later  took 
up  the  work  at  Mesvin,  where  he  succeeded  in  determining  the 
presence  of  a  rude  industry  antedating  the  paleolithic,  to 
which  he  gave  the  name  Mesvinian.     During  the  past  twenty 


548  SECTION   H. 

years,  Belgium's  most  indefatigable  worker  in  the  prehistoric 
field  has  been  Dr.  Rutot,  his  studies  being  confined  chieflv  to 
the  Quaternary  deposits. 

The  river  valleys  of  Belgium  are  often  marked  by  three 
terraces:  The  upper  terrace,  of  Pliocene  ag§,  about  ninety 
meters  above  the  present  water-level;  the  middle  terrace  at 
an  elevation  of  from  twenty-five  to  sixty-five  meters,  and  the 
lower  terrace  a  little  above  high- water- level,  both  of  Quater- 
nary age.  The  Quaternary  may  be  divided  into  five  series  of 
deposits.  Beginning  with  the  oldest,  these  are:  (i)  Mosean; 
(2)  Campinian;  (3)  Hesbayan;  (4)  Brabantian;  (5)  Flandrian. 
These  deposits  have  been  carefully  examined  by  Rutot  in  quest 
of  industrial  remains. 

With  the  exception  of  the  Brabantian,  which  is  above  the 
eolithic  zone,  all  five  divisions  of  the  Quaternary  are  repre- 
sented in  section  in  the  Exploitation  Helin  at  Spiennes,  near 
^lons.  phosphate  works  now^  ow^ned  by  the  Societe  de  Saint- 
Gobain.  All  of  the  Quaternary-  eolithic  epochs  are  like- 
wise represented  here  with  the  exception  of  the  oldest,  the 
Reutelian.  Rutot  found  that  the  three  separated  industrv- 
bearing  Campinian  layers  each  furnished  one  of  the  several 
elements  composing  the  industry  previously  found  elsewhere 
in  disturbed  Campinian  deposits.  In  the  lowest  of  the  three, 
there  were  not  only  eoliths  of  Mesvinian  age,  but  also  rude 
implements  roughly  amygdaloid  in  shape,  selected  flint  nodules 
only  slightly  chipped  to  a  semblance  of  the  hache  type,  or 
poniard.  All  the  requirements  of  a  transition  industr}-  be- 
tween the  Mesvinian  (eolithic)  and  the  Chellean  (paleolithic) 
are  therefore  satisfied.  The  middle  layer  furnished  examples 
of  the  classic  coup  de  poing;  and  in  the  uppermost  layer  there 
were  specimens  of  the  hache  type,  carefully  chipped  on  both 
sides  until  the  margins  presented  almost  a  straight  line  as  op- 
posed the  zigzag  margin  of  the  Chellean  implement — in  other 
words  the  so-called  Acheulian  industry  of  M.  d'Ault  du  Mesnil. 
Rutot  has  proposed  the  name  Strepyan  for'  the  industry  of 
transition  from  the  eolithic  to  the  paleolithic,  because  of  the 
character  and  abundance  of  the  specimens  found  at  Strcpy 
on  Ihe  right  bank  of  the  Haine  between  Estinnes  and  Cronfestu. 
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Following  Rutot's  lead,  many  German  investigators  have 
taken  up  the  search  for  a  pre-paleolithic  industry  in  northern 
Germany,  particularly  in  the  valleys  of  the  Elbe  and  Spree 
and  on  the  Island  of  Riigen.  The  chief  contributors  have  been 
Professors  H.  Klaatsch,  Eugene  Bracht  and  Max  Verworn, 
and  Drs.  Hans  Hahne,  G.  Schweinfurth,*  Eduard  Krause,  et  al. 

For  some  years  past,  the  spread  of  the  eolithic  propaganda 
has  been  so  rapid  as  to  cause  dismay  in  the  camp  of  its  oppo- 
nents. I  spent  the  summer  of  1903  in  England  and  Belgium 
for  the  express  purpose  of  studying  the  question  at  closer  range. 
That  summer's  work  formed  the  basis  for  a  preliminary  reportf 
read  at  the  St.  Louis  Meeting  of  the  American  Association  at 
the  close  of  the  same  year,  as  well  as  for  a  more  extended  paper$ 
published  in  1905.  Before  the  latter  was  out  of  press,  there 
appeared  an  article  by  Professor  Boule,^  intended  as  a  severe 
blow  to  the  genuineness  of  eoliths.  He  had  been  trying  for 
twenty  years  to  stem  the  rising  tide  in  favor  of  a  pre-paleo- 
lithic industry  and  was  beginning  to  think  of  instituting  ex- 
periments in  the  hope  of  throwing  light  on  the  origin  of  eoliths, 
when  M.  A.  Laville,  preparator  at  the  Ecole  des  Mines,  Paris, 
found  an  experiment  station  already  in  working  order  and 
turning  out  "eoliths"  daily  by  the  hundreds.  It  was  a  cement 
factory  on  the  left  bank  of  the  Seine,  two  kilometers  southeast 
of  Mantes,  near  Paris. 

In  extracting  the  chalk  from  the  quarry  most  of  the  flint 
nodules  are  cast  aside.  Some,  however,  pass  unnoticed  by 
the  workmen  and  are  carried  with  the  chalk  to  the  factory. 
This,  together  with  a  certain  amount  of  clay  is  emptied  into 
circular  basins  (delayeurs)  or  diluters.  These  vats  have  a 
diameter  of  about  five  meters,  and  a  depth  of  1.4  meters.  The 
water  is  supplied  by  means  of  conduits  and  finally  escapes 
through  lateral  sieves  carrying  with  it  a  mixture  of  chalk  and 
clay  both  highly  pulverized. 

*  Schweinfurth 's  studies  have  been  confined  chiefly  to  Egypt, 
t  vScience,  1904,  p.  449. 

XThe    EoHthic   Problem — Evidences   of   a   Rude   Industry   Antedating 
the  Paleohthic:  Amer.  Anthropol.,  N.  S.,  VII,  425-479. 
§L'Origine  des  eohthes.  L ' Anthropologie,  t.  XVI 
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Each  circular  vat  is  provided  with  a  liorizontal  wheel,  the 
spokes  of  which  are  armed  with  cast-iron  teeth  that  reach  to 
within  two-tenths  meters  of  the  bottom,  the  wheel  itself  being 
just  above  the  surface  of  the  mixture.  This  wheel,  with  a 
diameter  of  five  meters,  and  making  sixteen  revolutions  a 
minute,  attains  a  velocity  at  the  circumference  of  about  four 
meters  a  second. 

In  this  whirlpool  of  moving  water,  chalk,  clay,  and  iron 
teeth,  are  also  the  flint  nodules  that  escaped  the  notice  of  the 
quarrymen.  These  nodules  therefore  receive  thousands  of 
knocks,  some  mutual,  some  from  the  iron  teeth,  until  at  the 
end  of  a  period  of  twenty-nine  hours  the  machinery  is  stopped 
and  they  are  removed.  They  are  then  washed  and  piled  up  to 
await  their  ultimate  use  as  a  by-product.  It  was  in  one  of 
these  piles  that  M.  Laville's*  discovery  was  made.  Later  he 
visited  the  place  in  company  with  Messieurs  Boule,  E.  Car- 
tailhac  and  H.  Obermaier. 

According  to  Boule,  the  flints  that  have  passed  through  the 
machine  have  all  the  characters  of  the  ancient  river  gravels. 
Most  of  them  have  become  rounded  pebbles.  Many,  however, 
are  chipped  in  a  manner  to  resemble  a  true  artifact.  He  and 
his  companions  were  able  in  a  few  minutes  to  make  a  "superb 
collection  including  the  most  characteristic  forms  of  eoliths, 
hammer-stones,  scrapers,  spoke-shaves,"  etc.  His  article  is 
illustrated  by  half-tone  figures,  which,  however,  are  of  very 
little  use  to  the  reader.  Photographs  of  eoliths  are  practically 
useless;  faithfully  executed  line  drawings  are  little  better;  a 
view  of  the  objects  themselves  is  absolutely  necessary  before 
passing  judgment  on  their  origin. 

Professor  Boule  does  not  pretend  that  all  eoliths  have  a 
natural  origin  more  or  less  analogous  to  those  made  by 
machinery.  He  does  claim  "that  it  is  often  impossible  to 
distinguish  between  intentional  rudimentary  chipping  and  that 
due  to  natural  causes."  In  his  opinion  the  artificial  dynamics 
of  the  cement  factory  are  comparable  in  every  respect  to  the 
dynamic  action  of  a  natural  torrent. 

Nothing  is  really  gained  even  by  proving  the  impossibility 

♦Feuille  des  jeunes  naturalistes,  1905,  p.  119. 
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of  distinguishing  between  man's  work  and  chipping  due  to 
natural  causes.  If  the  argument  is  worth  anything  it  will 
admit  of  a  still  wider  application  because  of  the  fact  that  it 
is  admittedly  impossible  to  distinguish  between  certain  true 
eoliths  and  some  artifacts  of  the  paleolithic  and  neolithic 
periods.  Things  that  are  equal  to  the  same  thing,  are  equal 
to  each  other.  By  substituting,  therefore,  one  arrives  at  the 
identity  between  stream-made  and  machine-made  eoliths  on 
the  one  hand,  and  recognized  artifacts  on  the  other.  This 
does  not  prove  the  non-existence  of  true  eoliths  any  more  than 
it  does  that  of  the  paleolithic  or  neolithic  artifacts. 

If  streams  at  flood  ever  produced  eoliths  it  is  more  than 
probable  that  they  may  still  be  doing  so.  While  keeping  one 
eye  on  the  chalk-mill  at  Mantes,  might  it  not  be  well  to  keep 
the  other  on  the  Seine  that  flows  near  by.  A  few  Seine-made 
eoliths  would  certainly  be  more  convincing  than  those  turned 
out  at  the  factory. 

It  has  not  been  my  good  fortune  to  see  one  of  these  cement 
factories  at  work.  It  is  evident  from  the  available  literature 
on  the  subject  that  considerable  prejudice  has  entered  into  the 
controversy.  Messieurs  Laville,  Boule  et  al.,  were  evidently 
seeking  for  what  they  claim  to  have  found  at  Mantes.  On  the 
other  hand  it  was  extremely  unfortunate  that  certain  believers 
in  an  eolithic  industry  were  refused  admittance  into  the  Mantes 
establishment.  A  selected  series,  however,  from  Mantes,  which 
was  sent  in  1905  to  the  Salzburg  Meeting  of  the  German 
Anthropological  Association  by  Dr.  Obermaier,  was  later 
placed  at  the  disposal  of  Professor  Verwom  and  Dr.  Hahne. 
Verworn  compared  them  with  his  collection  of  eoliths  from 
Cantal,  while  Hahne  compared  the  Mantes  specimens  wdth  a 
similar  series  from  a  chalk-mill  on  the  Island  of  Riigen,  and  the 
eoliths  from  Belgium  sent  to  him  by  Rutot. 

Dr.  Rutot  has  sought  to  match  his  superb  collection  of 
eoliths  in  the  Royal  Museum  of  Natural  History,  Brussels, 
with  specimens  from  the  chalk-mills  of  Belgium,  but  in  vain. 
Professor  Verwom  and  Dr.  Hahne  have  been  no  more  success- 
ful in  their  comparative  studies.  All  three  agree  in  their  gen- 
eral conclusions  as  to  the  radical  differences  between  the  true 
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and  the  false  eoliths;  also  that  the  action  of  the  mill  is  hardly 
comparable  with  that  of  the  natural  streams  of  the  regions  in 
question  except  in  one  particular,  viz.,  both  tend  in  time  to 
make  pebbles  of  the  Hints  that  are  offered  to  them. 

According  to  Professor  Verworn,*  a  fundamental  difference 
exists  between  the  eoliths  he  found  at  Puy  de  Boudieu  and  the 
pseudo-eoliths  from  Mantes.  The  corners  and  edges  of  the 
latter  are  worn,  while  those  of  the  Cantal  eoliths  are  not.  It 
has  been  suggested  that  the  chipping  on  the  specimens  from 
Puy  de  Boudieu  may  be  due  to  pressure  of  the  overlying  beds. 
vSuch  a  result  might  be  possible  where  unstable  beds  contained 
a  sufficient  quantity  of  flint  nodules  and  chips  pressing  against 
each  other.  At  Puy  de  Boudieu,  however,  the  chipped  flints 
are  not  resting  against  each  other.  They  are  separated  by 
masses  of  tufa,  loam  and  sand. 

After  a  careful  comparison  of  machine-made  eoliths  from 
both  Mantes  and  Sassnitz  with  the  Mafflean  and  Mesvinian 
industry  from  Belgium,  Dr.  Hahne'sf  conclusions  are  as  follows: 
(i)  The  chalk-mill  flints  are  all  scratched  and  otherwise  marked 
bv  the  iron  teeth  of  the  mill.  (2)  The  sides  of  all  the  larger 
pieces  are  bedecked  with  scars  from  blows  that  were  not  properly 
placed  to  remove  a  flake.  (3)  Almost  every  piece  shows  more 
or  less  of  the  original  chalky  crust  of  the  nodule.  (4)  Any- 
thing like  a  svstematic  chipping  of  an  edge  or  margin  is  never 
found  except  for  very  short  stretches  where  one  would  expect 
it  to  be  carried  along  the  entire  margin.  This  is  quite  different 
from  the  long  retouched  margins  of  most  eoliths.  (5)  The 
same  edge  is  often  rechipped  first  on  one  side  and  then  on  the 
other  absolutely  without  meaning  or  purpose.  The  "reverse 
working"  of  true  eoliths  is  quite  another  thing.  (6)  In  the 
mill  product  coarse  chipping  alternates  with  fine  retouches 
along  the  same  margin,  while  on  the  eolith  there  is  a  regularity 
and  orderly  sequence  of  chipping.  (7)  The  repeated  rechip- 
ping  of  the  same  edge,  while  others  are  left  untouched,  does 
not  occur  in  machine-made  eoliths.     (8)  The  chief  difference 

*0p.  cit.,  p.  620. 

ftber  die  Beziehungcn  der  Krcidemi.hlcn  zur  Eolitlicnfrage.  Zeit^ 
fiir  Ethnol.,  1905,  S.  1024. 
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is  between  the  haphazard  and  meaningless  on  the  one  hand, 
and  the  purposeful  on  the  other. 

The  most  prominent  and  easily  breakable  parts  suffer  most 
in  passing  through  the  mill.  They  are  often  retained  intact, 
or  onlv  slightly  altered,  on  the  eolith  to  serve  as  a  hand-hold, 
and  there  is  a  logical  relationship  between  the  worked  and 
unworked  portions. 

The  eolithic  problem  in  northern  Germany  is  even  more 
difficult  of  solution  than  that  of  chalk-mill  "eoliths."  Dr. 
Klaatsch,  who  had  previously  made  a  study  of  eoliths  in  France 
and  Belgium,  was  among  the  first  to  find  so-called  eoliths  in 
fluvio-glacial  deposits  in  the  valley  of  the  Spree.  His  dis- 
coveries were  supplemented  by  Dr.  Hahne's  in  the.  valley  of 
the  Elbe.  At  this  latitude,  the  deposits  of  the  first  glacial 
and  first  interglacial  period,  containing  what  appears  to  be  an 
€olithic  as  well  as  a  transition  (Strepyan)  industry,  were  very 
much  disturbed  by  the  second  advance  of  the  ice. 

The  result  is  that  the  pieces  in  question  are  so  badly  damaged 
as  to  obscure  the  evidence  bearing  on  their  genuineness.  The 
German  geologists  and  anthropologists  are  divided  as  to  the 
proper  interpretation  to  place  upon  these  specimens.  After 
going  over  the  material  with  Dr.  Hahne,  Rutot  is  of  the  opinion, 
that  after  all  doubtful  pieces  are  rejected  there  will  remain 
enough  to  establish  the  existence  of  an  eolithic  industry  in 
those  regions. 

Another  subject  studied  in  common  by  Rutot*  and  Hahne 
is  that  of  shore-made  eoliths,  the  locaUty  being  a  favored 
stretch  of  coast  on  the  Island  of  Rugen  in  the  Baltic  Sea.  The 
chalk  cliff  is  surmounted  by  a  moraine  with  large  erratic  blocks. 
When  the  seas  run  high,  the  large  blocks  and  glacial  till  are 
thrown  forward  over  the  cliff.  Masses  of  the  fissured  chalk  are 
also  loosened  and  fall  to  the  foot  of  the  cliff.  With  recurring 
high  seas,  broken  nodules  of  flint  come  in  contact  with  the 
erratic  blocks  and  the  production  of  pseudo-eoliths  begins. 
If  left,  however,  to  their  own  fate  they  are  finally  reduced  to 
sand.     When  rescued  at  the  proper  time,  they  resemble  more 


*Eolithes   et   pseudo-eolithes.     Mem    de   la   Soc.  d'anthrop.  de  Brux- 
elles,  1906,  t.  XXV. 
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or  less  the  true  eolith.  They  certainly  form  a  more  convincing 
argument  in  favor  of  the  natural  origin  of  all  eoliths  than  do 
those  from  the  chalk-mills.  But  they  resemble  the  latter  more 
than  they  do  the  genuine  eolith,  which,  according  to  Rutot 
and  Hahne  is  still  unaccounted  for  unless  it  represents  the 
handiwork  of  man  or  his  precursor. 

The  differences  are  not  great  enough  to  be  detected  by  the 
untrained  ey.e.  They  may  be  compared  to  the  differences 
between  hand-made  and  machine-made  music.  The  untrained 
ear  might  not  detect  them  without  seeing  the  operator  at  work, 
but  no  such  substitution  could  deceive  an  expert.  It  would 
be  rather  wide  of  the  mark  to  conclude  that,  because  pianos 
may  be  played  by  the  pianola,  they  were  never  played  by  hand ; 
or  if  ever  played  by  hand  the  result  must  necessarily  be  identi- 
cal with  that  produced  by  the  pianola. 

The  wide  differences  of  opinion  in  the  opposing  camps  can 
hardly  be  due  to  prejudice  alone.  Faulty  or  insufficient 
observation  and  incorrect  interpretation  doubtless  play  their 
part.  Luckily  there  is  no  disposition  to  drop  the  matter  until 
the  truth  appears.  At  the  International  Congress  of  Anthro- 
pology and  Prehistoric  Archaeology  held  at  Monaco,  April 
15  to  22,  1906,  the  chief  subject  of  the  second  session  w^as  the 
pedigree  of  the  eolith.  According  to  Nature*  "a  series  of 
mill-modeled  flint  nodules  was  exhibited,  among  which  there 
was  certainly  a  number  closely  resembUng  many  Prestwichian 
types,  but  conspicuous  by  their  absence  were  the  decidedly 
purposeful  and  rationally  usable  Kentian  forms."  On  the 
other  hand.  Professor  K-  Ray  Lankester  "submitted  that  he 
had  recently  placed  on  exhibition  in  the  British  Museum,  a 
considerable  seriesf  of  specimens  selected  from  Prestwich's 
collection,  all  borer-like  in  form,  too  identical  in  shape  and  so 
rationally  of  obvious  utility  for  any  possibility  of  their  being 
the  result  of  fortuitous  natural  collisions." 

As  a  further  indication  of  the  importance  attaching  to  a 
correct  solution  of  the  problem  and  indirectly  in  recognition 
of  the  value  of  Rutot's  contribution  toward  such  a  solution, 

♦June  28,  1906,  p.  211. 

jAmer.  Anthropol.  (N.  S.),  1905,  VII,  432,  433. 
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the  Meeting  of  the  German  Anthropological  Association  for 
1907  will  be  held  in  Cologne*  in  order  that  the  members  may 
visit  the  eolithic  stations  of  Belgium  and  see  the  collections 
of  the  Brussels  ^luseum. 

THE    ART   OF   THE    CAVE-DWELLER. 

Passing  now  from  Tertiary  and  Lower  Quaternary  eoliths 
and  leaving  out  of  account  for  the  time  being  the  important 
industry  of  the  Chellean  and  Mousterian  epochs,  we  come  upon 
a  most  interesting  chapter  in  the  history  of  paleolithic  man — 
a  chapter  to  which  many  attractive  pages  have  been  added 
during  the  past  ten  years.  It  concerns  the  art  of  the  Cave- 
Dweller. 

One  of  the  eariiest  enlightened  searchers  for  prehistoric 
man  in  caverns  was  the  Rev.  J.  MacEnery,  a  Roman  Catholic 
priest,  stationed  at  Torquay  on  the  southern  coast  of  England. 
As  early  as  1S25  he  found,  in  Kent's  Cavern,  flint  implements 
definitely  associated  With  the  remains  of  the  mammoth,  rhinoc- 
eros and  other  extinct  animals. 

Then  came,  in  1833,  the  discoveries  of  vSchmerling  in  the 
caverns  about  Iviege,  Belgium;  but  these  also  did  not  receive 
the  attention  they  deserved,  owing  to  the  then  all-powerful 
influence  of  Cuvier. 

Following  the  appearance  of  Darwin's  Origin  of  Species, 
and  the  acceptance  of  the  river-drift  implements  as  artifacts, 
both  of  which  events  occurred  in  1859,  cavern  explorations 
received  a  new  impetus.  In  Europe  alone  hundreds  of  paleo- 
lithic caverns  have  already  been  explored.  About  one-third 
of  these  are  situated  in  France.  Some  of  the  well-known 
localities  outside  of  France  are  the  regions  about  Namur  and 
Liege,  Belgium;  Liguria  in  Italy;  Moravia  in  Austria;  and 
Schaffhausen  in  Switzerland. 

To  the  student  of  the  cave-dweller  period,  southern  France 
is  perhaps  the  most  fruitful  field  in  all  Europe.  Of  this  area 
Les  Eyzies  and  its  env  irons  in  the  valley  of  the  Vezere,  depar  t 

*It  is  proposed  to  make  the  Cologne  Congress   International.      Ameri-" 
can  Anthropologists  have  been  invited  to  take  part.      Place  of  meeting 
has  been  changed  to  Strassburg.     The  date  is  August  4-8. 
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ment  of  Dordogne,  is  one  of  the  chief  centers.  It  was  in  1862 
that  I\I.  J.  Charnet  found  in  a  shallow  cave  at  Les  Eyzies  the 
first  flint  implements  and  breccia,  with  bones  of  the  reindeer 
and  other  animals.  He  communicated  the  facts  to  Professor 
Eduard  Lartet  of  Paris  and  Mr.  Henry  Christy  of  London,  who 
visited  the  place  in  August,  1863,  making  explorations  simul 
taueously  at  Les  Eyzies,  Gorge  d'Enfer  and  Laugeric-Haute. 

This  led,  in  1865,  to  the  plans  for  a  great  publication  to  be 
called  "Reliquiae  Aquitanicae."  In  importance,  as  well  as 
in  authorsliip,  this  is  an  international  volume.  The  specimens 
described  belong  to  the  Christy  Collection  of  the  British  Museum 
and  to  the  Museum  of  National  Antiquities  at  Saint-Germain. 
The  Lartet  and  Christy  explorations  were  practically  confined 
to  the  rock-shelters  and  shallow  caves.  If  these  men  had  lived 
longer,  they  might  have  discovered  the  extensive  subterranean 
caverns  of  the  neighborhood,  the  walls  of  which  are  decorated 
with  a  remarkable  series  of  frescoes  and  engravings. 

The  vallev  of  the  A^ezere  has  been  an  attractive  field  for 
archaeological  excursions  ever  since  the  appearance  of  Lartet 
and  Christy's  classic  work;  and  has  come  even  more  into  favor 
since  1895,  when  the  first  discovery  was  made  of  engravings 
and  frescoes  on  the  walls  of  one  of  the  caverns.  Several  other 
caverns  have  been  explored  during  the  past  six  years  with 
similar  results.  In  company  with  a  small  party  of  Frenchmen 
from  Paris,  members  of  the  Societc  dcs  Excursions  Scicntifiqucs, 
I  visited  the  region  during  the  summer  of  1903. 

Vezl-re  collections  have  found  their  way  practically  into  all 
the  important  museums  of  the  world,  but  the  British  Museum 
(Bloomsbury) ;  the  Natural  History  Museum,  Paris,  and  the 
Museum  of  National  Antiquities  at  Saint-Germain-en-Laye 
contain  the  major  part.  These  should  all  be  visited  before, 
as  well  as  after,  a  trip  to  the  Dordogne.  The  train  can  be  taken 
direct  from  Paris  (Gare  d'Orlrans)  to  Perigueux,  the  capital 
of  the  department  of  Dordogne,  the  site  of  ancient  Vesuna  of 
the  Petrocorii  and  later  a  flourishing  Roman  town.  Here  one 
may  stop  with  profit  to  see  the  ruins  of  a  Roman  amphitheatre 
and  tower,  also  the  Ahisce  de  Perigord,  rich  in  prehistoric  relics 
of  Dordogne,  including  the  Vezere  region. 
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From  Perigueux  it  is  less  than,  two  hours  by  train  to  l.cs 
Eyzies,  the  heart  of  the  cave-dweller  country  where  one  stops 
at  the  Auberge  Berthoumeyrou,  well  and  favorably  known  to  a 
long  line  of  pilgrims  to  this  enchanted  land  of  Hmpid  streams, 
green  valleys  and  lofty,   picturesque  escarpments. 

The  calcareous  formation,  cleft  by  the  Vezere  and  its  tribu- 
taries, is  composed  of  Cretaceous  beds  approximately  horizontal 
and  of  varying  degrees  of  hardness  (see  pi.  I) ;  so  that  overhang- 
ing rocks  often  shelter  horizontal  galleries  and  niches.  Again 
subterranean  streams  have  left  meandering  caverns,  some  of 
them  several  hundred  meters  in  length.  These  as  well  as  the 
rock-shelters  and  open,  shallow  caves,  formed  through  atmos- 
pheric agencies,  were  inhabited  by  early  man.  Some  were  en- 
larged or  modified  and  occupied  during  the  Middle  Ages.  At  a 
safe  height  in  the  roc  de  Tayac,  one  such  that  withstood  succes- 
sive sieges  in  the  fourteenth  and  fifteenth  centuries  is  at  present 
used  as  a  restaurant  and  appropriately  named  "aw  Paradts." 

The  earlier  explorations  at  Les  Eyzies,  Cro-Magnon,  Gorge- 
d'Enfer,  Laugerie-Basse,  Taugerie-Haute,  La  Madeleine  and 
Le  Moustier  are  so  well  known  that  they  are  mentioned  only 
in  passing.  After  so  long  a  series  of  important  discoveries,  it 
might  well  be  supposed  that  the  archaeological  possibilities  of 
the  region  had  been  exhausted,  yet  some  of  the  most  important 
treasures  still  remained  locked  in  the  recesses  of  the  less  easily 
accessible  and  little  known  subterranean  caverns  which  pene- 
trate the  hills  to  great  depths.  The  entrances  to  these  caverns 
are  small  and  invisible  from  the  valley  below.  Some  indeed 
were  completelv  stopped  by  hillside  debris,  leaving  no  outer 
trace  of  their  existence.  It  is  not  strange  that  they  escaped 
immediate  notice.  They  were  neglected  until  the  early  nine- 
ties, when  Riviere  removed  some  of  the  floor  deposits  in  the 
cavern  of  Les  Combarelles  that  yielded  many  flint  implements, 
and  especially  fine  bone  needles.  In  1895,  he  began  work  in 
similar  deposits  in  the  cavern  of  La  Mouthe.  One  day,  after 
penetrating  to  a  considerable  depth,  he  and  his  companion,  the 
son  of  Berthoumeyrou,  the  innkeeper,  sat  down  to  rest.  In 
lighting  a  cigar,  the  extra  light  of  the  match  added  to  the 
feeble  candle  light  and  placed  at  the  proper  angle  revealed  to 
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one  of  them  what  had  not  been  observed  before — an  engraving 
on  the  wall.  The  discovery  was  duly  announced  and  marked 
the  beginning  of  a  new  epoch  in  cavern  explorations.  Not 
that  Riviere's  discovery  was  the  first  of  its  kind ;  but  that  the 
two  previous  finds  of  a  similar  nature  had  not  been  accepted 
as  authentic.  These  were  in  the  cavern  of  Altamira,  Province 
of  Santander,  Spain,  explored  in  1879  by  Sautuola;*  and  of 
Chabot  (Gard),  explored  prior  to  1889  by  Leopold  Chiron. 
Then  followed  Riviere's  discovery  at  La  Mouthe  and  that  of 
Daleau  in  1896  in  the  cavern  of  Pair-non-Pair  (Girondc). 

The  mural  decorations  at  La  Mouthe  occur  in  four  groups 
or  panels.  The  first  panel  is  about  ninety-three  meters  from 
the  entrance.  The  second,  four  meters  farther  on,  is  called 
the  "Hall  of  the  Bison."  Seven  animals  are  represented  on 
an  area  5.02  meters  by  2.6  meters.  The  third  and  fourth 
panels  are  one  hundred  and  thirteen  and  one  hundred  and 
thirty  meters,  respectively,  from  the  entrance. 

In  1899,  Riviere  was  so  fortunate  as  to  find  a  stone  lamp  in 
the  floor  deposits  of  this  cavern  at  a  point  about  seventeen 
meters  from  the  entrance.  The  pick  of  the  workman  broke 
the  lamp  into  four  pieces  of  wliich  three  were  immediately 
recovered.  Riviere  and  two  of  his  men  searched  for  the  miss- 
ing fragment  an  entire  day,  but  without  success.  The  shallow 
bowl  contained  some  carbonized  matter,  an  analysis  of  which 
led  M.  Berthelot,  the  chemist,  to  conclude  that  lard  was  used 
for  lighting  purposes.  On  the  base  there  is  an  engraving  of 
a  wild  goat's  head  and  horns.  A  figure  exactly  like  this  was 
found  on  the  third  mural  panel  already  mentioned.  This 
was  the  fourth  lamp  to  be  found  in  French  caverns.  The  first 
and  second  were  from  the  cavern  of  IMonthier  (Charente) ;  and 
the  third  from  the  cavern  of  Coual  (Lot).  The  necessities  of 
men  dwelling  in  dark  caverns  would  be  likely  to  lead  to  the 
invention  of  artificial  light,  which  light  made  it  possible  for 
them  to  depict  the  frescoes  and  engravings  on  the  walls  of 
their  abodes. 

The  past  six  years  have  witnessed  a  succession  of  remarkable 

*Don  M.  vS.  de  Sautuola.  Breves  apuntes  sobre  algunos  objctos  pre- 
historicos  de  la  provincia  de  Santander.      1880,  Libreria  Murillo,  Madrid. 
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discoveries  by  Messieurs  Capitaii,  Brcuil,  Bourrinet  and 
Peyrony,  in  the  caverns  of  Les  Combarelles,  I'ont-dc-Gaume, 
Bernifal  and  others. 

The  Combarelles  cavern  has  a  total  length  of  two  hundred 
and  thirty-four  meters,  is  from  one  to  two  meters  wide,  and 
high  enough  to  admit  of  walking  upright  for  most  of  the  way. 
The  engravings  begin  at  a  point  about  one  hundred  and  eight- 
een meters  from  the  entrance,  and  occupy  both  walls  for  a  dis- 
tance of  one  hundred  meters.  Some  of  the  figures  are  deeply 
incised;  others  are  mere  scratches.  In  some,  the  effect  is 
heightened  by  the  application  of  a  dark  coloring  matter  (oxide 
of  manganese).  Portions  of  the  walls  are  covered  by  a  coating 
of  stalactite  thick  enough  in  places  completely  to  hide  engrav- 
ings; while  in  others,  the  more  deeply  incised  figures  are  still 
visible.  On  areas  devoid  of  incrustations,  the  figures  are  fresh 
and  distinct.  The  artist  sometimes  had  recourse  to  champ- 
leve ;  sometimes  natural  prominences  were  utilized  to  add  relief 
to  the  figures.  Of  the  one  hundred  and  nine  engravings  of 
various  animals  on  the  walls  at  Les  Combarelles  there  are  some 
forty  equine  figures,  occurring  either  singly  or  in  groups,  and 
fourteen  of  the  mammoth.  The  mural  engravings  belong  pre- 
cisely to  the  same  school  of  art  as  the  relief  and  incised  figures 
from  the  floor  deposits  of  the  shallow  caves  and  rock-shelters, 
so  well  known  through  the  works  of  the  earlier  investigators. 
This  statement  applies  equally  to  all  the  caverns  thus  far 
explored. 

The  cavern  of  Bernifal  was  first  explored  in  1903.  It  was 
discovered  by  accident.  The  original  entrance  near  the  base 
of  an  escarpment  is  completely  obstructed  by  earth  and  stones. 
The  present  artificial  entrance  is  at  a  point  where  the  ceiling 
of  the  cavern  comes  close  to  the  surface  of  the  wooded,  sloping 
upland.  The  descent  into  the  cavern  is  almost  vertical,  and 
made  by  means  of  an  iron  ladder  about  three  meters  long. 
There  is  a  joint  in  the  ladder,  the  upper  portion  of  which  may 
be  inclined  and  locked  so  as  to  secure  the  interior  against  van- 
dalism.*    Within  are  three  large  chambers  united  by  rather 

*Most  of  the  prehistoric  monuments  of  France  are  now  the  property 
of  the  Government  and  are  protected  by  the  enactment  and  enforcement 
of  wise  laws. 
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narrow  corridors.  The  first  is  twenty-two  meters  long,  with 
high  ceiUng  and  a  maxinunn  breadth  of  eight  meters.  The 
others  are  not  quite  so  large.  The  beautiful  stalactites  over- 
head have  been  left  undisturbed.  IMost  of  the  engravings  are 
to  be  found  in  the  second  chamber.  They  are  cut  rather 
deeply  into  the  calcareous  walls,  and  generally  coated  over 
with  a  thin,  hard  layer  of  stalactite.  Twelve  groups  number- 
ing in  all  twenty-six  figures  have  been  recognized.  These 
include  geometric,  triangular  signs  in  addition  to  various 
animal  figures — reindeer,  mammoth,  horse,  bison,  and  antelope. 
Some  are  simply  engraved,  others  are  painted  with  red  ochre 
and  manganese.  Many  are  probably  wholly  hidden  l)eneath 
thick  mural  incrustations.  Tectiform  signs,  the  significance 
of  which  is  unknown,  were  also  met  with  at  Les  Combarelles 
and  Font-de-Gaume. 

The  Font-de-Gaume  frescoes  and  engravings  were  discovered 
in  1 90 1  by  Capitan  and  Breuil  with  the  assistance  of  M.  Peyrony, 
the  school  principal  of  Les  Eyzies.  The  entrance  is  some 
twenty  meters  above  the  valley  and  near  the  top  of  the  escarp- 
ment (pi.  II). 

A  passage  about  sixty-five  meters  long,  and  much  restricted 
in  places,  leads  to  an  ample  gallery  forty  meters  in  length, 
two  to  three  in  breadth,  and  five  to  six  in  height.  A  majority 
of  the  paintings — and  Font-de-Gaume  is  especially  rich  in 
paintings — occur  on  the  walls  of  this  gallery  and  in  a  little 
side  chamber  farther  on  (fig.  i).  The  latter  contains  thirteen 
remarkable  figures,  in  color,  of  the  bison  and  a  group  of 
reindeer.  The  coloring  matter  was  red  ochre  and  manganese, 
either  mixed  so  as  to  give  various  intermediate  shades  or  used 
separately.  Both  these  materials  are  found  on  top  of  the  neigh- 
boring plateaus.  The  dimensions  of  the  figures  vary  from  2.70 
meters  down  to  .20  meters.  vSome  are  on  regular  surfaces,  while 
others  include  natural  prominences  in  such  a  way  as  to  give  the 
effect  of  relief.  They  are  veritable  frescoes,  the  whole  figure 
often  being  covered  with  paint.  Engraving  and  fresco  are 
usuallv  associated  in  the  same  figure.  The  coloring  matter  was, 
in* some  cases,  applied  after  the  engraving;  while  in  others  the 
process  was  reversed.     Again  some  figures  are  a  piece-work  of 
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engraving  and  fresco.  Some  are  engraved  only.  In  certain 
cases  the  outlines  of  the  animal  are  simply  traced  bv  a  single 
stroke  of  the  brush  or  pencil,  usually  in  black.  Where  the  con- 
tours are  filled  in,  various  tints  from  black  to  red  are  usually 
employed.  The  outlines  are  seldom  marred  by  blotches  or 
evidences  of  an  uncertain  stroke. 

Of  the  more  than  eighty  figures  described  already  from 
Font-de-Gaume,  fortv-nine  represent  the  bison,  four  the  rein- 
deer, four  the  horse,  three  the  antelope,  two  the  mammoth, 
one  the  stag,  one  Felis  leo,  one  Rhinoceros  tichorhinus,  six 
various  signs.     A  number  have  not  yet  been  determined. 

In  their  various  explorations  ^Messieurs  Capitan,  Breuil  and 
Peyrony  have  collected  about  a  hundred  drawings  of  the  mam- 
moth. Those  of  the  bison,  horse  and  reindeer  are  alsonumerous. 
On  the  other  hand  representations  of  Ursus,  Felis,  and  Rhino- 
ceros are  rare.  The  engraving  of  Ursus  spelaeus  on  a  piece  of 
schist  found  in  the  floor  deposits  of  the  cavern  of  ]\Iassat 
(Ariege)  has  been  known  since  1867.  A  similar  figure  is  to  be 
seen  on  the  cavern  walls  of  Les  Combarelles.  An  engraving  of 
Felis  on  a  pebble  from  the  cavern  of  Gourdan  (Haute-Garonne) 
was  recently  published  by  Piette.  Two  mural  engravings  of 
Felis  are  known;  one  at  Les  Combarelles  and  the  other  at  Font- 
de-Gaume.  In  the  latter  the  entire  animal  is  represented, 
being  characterized  by  the  form  of  the  head,  the  general  aspect 
of  the  body,  the  long,  lifted  .tail  and  short  paws.  The  animal 
is  probably  Felis  leo,  var.  spelaea,  since  it  is  figured  somewhat 
larger  than  are  the  four  horses  forming  part  of  the  same  group 
or  picture. 

One  of  the  most  interesting  animal  representations  on  the 
cavern  walls  of  Dordogne  is  a  color  drawing  of  Rhinoceros 
tichorhinus,  found  at  Font-de-Gaume  near  the  group  that  in- 
cluded an  engraving  of  the  cave  lion.  The  figure  is  not  only 
complete  but  also  exact.  The  two  horns  are  faithfullv  indi- 
cated, the  anterior  notably  longer  and  larger  than  the  posterior. 
The  only  other  representation  of  the  woolly  rhinoceros  is  an 
indifferent  engraving  on  a  piece  of  stone  found  in  the  cavern 
of  Gourdan  and  recently  published  by  Piette. 

The   cavern   of   Font-de-Gaume   opens   on   a   narrow   valley 
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tributary  to  that  of  the  Beiine  and  near  their  junction.  The 
well-known  rock-shelter  of  Les  Eyzies  lies  across  the  valley  of 
the  Beune.  It  is  visible  from  Font-de-Gaume,  appearing  like 
a  black  spot  on  the  face  of  the  great  escarpment,  and  only 
eight  hundred  meters  distant.  M.  Peyrony*  suggests  that  the 
two  prehistoric  communities  may  have  been  closely  united. 
His  recent  researches  at  Les  Eyzies  tend  to  confirm  this  view. 

The  shallow  cave  of  Les  Eyzies,  overlooking  the  Beune  near 
its  junction  with  the  Vezere,  opens  on  a  sort  of  natural  plat- 
form about  thirty-five  meters  above  the  bed  of  the  stream. 
The  opening  of  the  cave  is  wide  and  high  enough  to  admit  the 
light  to  its  greatest  depth,  which  is  twelve  meters.  The  greatest 
width  is  sixteen  meters.  It  has  a  southern  exposure,  is  dry 
and  habitable.  Font-de-Gaume  was  never  a  place  of  residence, 
as  is  indicated  by  the  absence  of  floor  deposits.  About  the 
only  objects  found  there  are  a  few  broken  gravers  with  edges 
dulled  in  executing  the  wall  engravings,  a  few  pieces  of  ochre 
and  manganese  and  one  handsome  ochre  pencil.  Why  should 
the  artists  make  residence  of  a  dark  subterranean  cavern, 
when  by  going  a  short  distance  they  could  have  an  ample 
shallow  cave  or  rock-shelter  facing  the  south  and  warmed  and 
lighted  by  the  sun?  Such  a  shelter  is  Les  Eyzies  and  the 
enormous  quantities  of  refuse  taken  from  its  floor  at  various 
periods  testifv  to  its  use  as  a  place  of  habitation  by  generation 
after  generation. 

The  rock-shelter  of  Les  Eyzies  has  furnished  unusually  large 
quantities  of  ochre  of  various  tints.  Most  of  the  pieces  have 
been  scraped  to  produce  a  colored  powder  which  was  mixed 
with  grease  or  some  Uquid,  thus  forming  a  paint.  In  order  to 
pulverize  and  thoroughly  mix  the  coloring  matter,  mortars 
were  used.  An  interesting  series  of  these  mortars  from  Les 
Eyzies  forms  a  part  of  the  famous  Christy  collection  in  the 
British  Museum.  Very  few  mortars  have  been  found  in 
neighboring  stations.  Besides,  ochre  pencils  exactly  like  the 
one  from  Font-de-Gaume  have  been  found  in  the  rock-shelter 
of  Les  Eyzies.     Sometimes  a  flat  piece  of  ochre  is  cut  in  the 

*Le  Dr.  Capitan,  I'Abbe  Breuil  et  Peyrony.  Nouvelles  observations 
sur  la  grotte  des  Eyzies  et  ses  relations  avec  celles  de  Font-de-Gaunie 
Conipte  rendu,  Congres  preh.  de  France,  1905,  p.  137. 
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form  of  a  triangle,  each  angle  serving  in  turn  as  a  pencil  point. 
Some  of  these  pencils  are  perforated  to  be  suspended,  and 
might  well  be  supposed  to  form  a  part  of  the  outfit  of  the 
artists  who  drew  in  color  figures  such  as  that  of  the  two-horned 
rhinoceros  previously  mentioned. 

It  may  be  that  the  artists  who  made  their  home  at  Les  Eyzies 
decorated  its  walls  also.  Exposure  would  have  obliterated 
these  decorations  long  ago.  Lucky  it  was  for  present-day 
lovers  of  art  and  archaeology  that  their  troglodyte  forebears 
had  the  good  sense  to  seek  at  Font-de-Gaume  a  more  permanent 
gallery  for  their  masterpieces. 

In  addition  to  the  four  caverns  with  wall  engravings  and 
paintings  in  the  Vezere  valley  group,  one  other  is  now  being 
explored  in  the  Dordogne,  viz.,  the  cavern  of  La  Mairie  at 
Tevjat.  This  large  cavern  is  only  two  hundred  meters  distant 
from  the  rock-shelter  of  ^lege,  discovered  in  1903  by  M.  Bour- 
rinet.  In  the  cavern  of  La  Mairie  the  floor  deposits  may  be 
separated  into  two  industry-bearing  layers.  The  upper  one  of 
these  contains  the  same  industry  as  the  single  layer  in  the 
adjacent  rock-shelter  of  Mege,  except  that  the  latter  has  fur- 
nished archaeological  material  in  greater  quantities  than  were 
found  in  the  deposits  of  the  cavern.  The  relative  positions  of 
the  engravings  on  the  cavern  walls  and  the  upper  layer  of  floor 
deposits  prove  that  both  belong  to  the  same  epoch  (Magdale- 
nian).  It  is  also  interesting  to  note  that  while  bones  of  the 
reindeer  abound  in  the  rock-shelter  of  Mege,  representations 
of  this  animal  predominate  among  the  mural  engravings  in 
La  Mairie  cavern. 

Besides  the  cavern  of  Chabot  and  of  Pair-non-Pair,  already 
mentioned,  other  decorated  French  caverns  explored  to  date 
are:  Le  Figuier  (Ardeche)  across  the  river  from  Chabot,  La 
Greze  and  La  Calevie  (Dordogne),  and  Marsoulas  (Haute- 
Garonne) . 

Of  caverns  with  paleolithic  mural  decorations  outside  of 
France,  thus  far  reported,  one  is  in  Italy  and  seven  are  in  vSpain.* 
The  most  important  cavern  in  the  Spanish  group  is  that  of 
Altamira  in  the  north  coast  Province  of  Santander,  previously 

*Altamira,  Castillo,  Covalanas,  Hornos  de  la  Pena,  La  Haza,  La  Venta 
de  la  Perra  and  San  Isabel,  all  in  the  Province  of  Santander. 
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mentioned  as  being  the  one  in  which  the  discovery  of  mural 
figures  first  took  place.  The  genuineness  of  these  figures  would 
have  continued  to  remain  in  doubt  had  it  not  been  for  similar 
subsequent  discoveries  elsewhere. 

Messieurs  Emile  Cartailhac  and  the  Abbe  H.  Breuil  have 
recently  studied  with  great  care  the  wall  paintings  and  en- 
gravings at  Altamira.  The  cavern  is  a  series  of  large  cham- 
bers connected  by  passage  ways.  There  is  no  evidence  of  its 
having  been  occupied  by  either  man  or  beast  since  the  close  of 
the  Quaternary,  at  which  time  the  entrance  was  completely 
closed  by  a  fall  of  earth  and  stones. 

A  second,  recent  fall  has  afforded  a  new^  opening  to  the  cavern 
reached  by  clambering  over  the  debris  that  closed  the  original 
entrance.  The  first  chamber  is  divided  by  means  of  a  mass  of 
fallen  stones.  The  one  on  the  left  is  forty  meters  long  by 
twenty  meters  wide.  The  one  on  the  right  is  a  sort  of  corridor 
connecting  with  other  chambers.  Industrial  remains  of  the 
floor  deposits  are  confined  to  the  entry  and  the  chamber  on 
the  left.  There  is  evidence  that  the  cave  bear  had  occupied 
the  cavern  before  man  took  possession.  Figures,  engraved 
or  painted,  are  found  on  the  walls  of  every  part  of  the  cavern, 
especially  on  the  ceiling  of  the  chamber  on  the  left  near  the 
entrance,  where  the  frescoes  are  remarkable  for  their  beauty,, 
size,  and  good  preserv^ation — a  sort  of  Sistine  chapel  represent- 
ing the  clie^  d'oeuvre  of  perhaps  more  than  one  Michael  Angelo 
of  that  far-oflf  time. 

These  works  of  art  represent  a  variety  of  technique.  Some 
are  simple  line  engravings.  Others  are  more  deeply  incised. 
But  the  engravings  are  not  so  numerous  as  the  figures  repre- 
sented in  color.  Many  are  done  in  a  single  color,  either  red 
or  black.  The  most  remarkable  are  the  polychrome  frescoes 
similar  to  those  of  Font-de-Gaume  already  described. 

The  figures  are  not  all  animal  representations.  Many  are 
signs,  the  significance  of  which  is  not  known.  They  do  not 
belong  to  a  single  epoch.  The  superposition  of  figures,  each 
in  a  different  technique,  studied  in  connection  with  the  relative 
state  of  preser\^ation  of  the  various  figures,  has  furnished  a 
key  to  the  order  of  succession.     The  same  succession  is  trace- 
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able  in  the  caverns  of  France,  so  that  the  Abbe  Breuil  and  his 
colleagues,  Messieurs.  Cartailhac,  Capitan,  Peyrony  and  Bour- 
rinet,  have  been  able  to  distinguish  four  distinct  phases* 
in  the  evolution  of  mural  painting  and  engraving,  all  of  them 
being  represented  in  the  cavern  of  Altamira. 

The  first  phase  includes  deeply  incised  figures  representing 
the  animal  in  absolute  profile,  i.  e.,  with  a  single  forefoot  and 
a  single  hindfoot,  the  outlines  being  rude  and  not  well-propor- 
tioned, and  details,  such  as  hoofs  and  hair,  not  indicated.  The 
figure  of  a  bison  in  the  corridor  on  the  right  is  a  specimen  of 
this  oldest  class  of  wall  decoration.  Other  examples  are 
found  at  La  Greze  (fig.  2),  Chabot  and  Pair-non-Pair. 

The  paintings  of  this  stage  are  also  in  outline,  the  color  being 
black  or  red  and  drawn  with  a  crayon,  there  being  absolutely 
no  effort  at  modeling.  The  horse  drawn  in  black  on  the  ceiling 
of  the  left  chamber  is  an  illustration  (fig.  3).  Others  may  be 
seen  at  Marsoulas,  Font-de-Gaume,  La  Mouthe,  Les  Combarelles 
and  Bernifal. 

The  incised  figures  of  the  second  phase  remain  deep  and 
broad;  but  the  outlines  are  more  lifelike  although  often  ill- 
proportioned.  All  four  legs  are  often  represented,  the  distal 
ones  being  almost  completely  hidden  by  those  nearest  the 
beholder.  The  hoofs  are  sometimes  represented  with  great 
care.  As  the  incisions  become  less  deep  they  also  gain  in 
neatness.  In  places  the  effect  of  bas-relief  is  given  by  means  of 
champleve.  The  more  hairy  portions  are  indicated  by  incised 
lines.  Engravings  of  this  stage  are  not  numerous  at  Altamira. 
They  are  seen  to  better  advantage  at  La  ]\Iouthe,  Font-de- 
Gaume,   Bernifal,   and  above  all  at  Les  Combarelles  (fig.  4). 

The  paintings  of  this  phase  evince  the  first  attempts  at 
modeling  by  shading  at  various  points.  Engraving  is  often 
combined  with  the  painting.  The  use  of  color  continues  to 
develop  until  one  arrives  at  a  monochrome  silhouette  usually 
in  black.  The  contours  are  often  heightened  by  engraving. 
The  second  phase  is  represented  not  only  at  Altamira  but  also 
at  Marsoulas,  Les  Combarelles,  Font-de-Gaume  and  La  Mouthe. 

*A  fifth  and  closing  phase  is  discernible  at  Marsoulas,  resembling 
somewhat  the  work  on  the  painted  pebble?  of  Mas  d'Azil. 
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The  engravings  of  the  third  phase  are  generally  of  small 
dimensions.  Many  of  these  are  admirable  in  their  execution, 
as,  for  example,  the  bison  in  the  terminal  corridor.  The  entire 
mural  decorations  in  the  cavern  of  La  Mairie  at  Teyjat  are  in 
this  style,  as  are  a  number  from  Font-de-Gaume  and  Mar- 
so  ulas. 

In  the  domain  of  painting,  the  third  phase  is  represented  by 
an  excessive  use  of  color,  producing  a  flat  effect,  thus  destroy- 
ing the  modeling  that  was  such  an  attractive  feature  of  the 
preceding  stage.  At  Altamira  the  color  employed  is  red  and 
the  drawing  is  deplorable.  As  a  rule  these  examples  are  not 
well  preserved.  Those  from  Marsoulas,  in  either  black  or 
red,  are  not  much  better.  The  best  work  of  this  phase  is  to 
be  seen  at  Font-de-Gaume  and  is  executed  in  black  or  brown. 
It  is  often  combined  with  engraving  of  a  high  order,  done 
before   the   color  was   applied. 

In  the  fourth  phase  the  engravings  lose  their  importance. 
The  lines  are  broken  and  difficult  to  follow.  The  small  figures 
of  the  mammoth  at  Font-de-Gaume  and  of  the  bison  at  Mar- 
soulas show  this  tendency  to  emphasize  detail  at  the  expense 
of  the  ensemble. 

Paleolithic  painting  reached  its  zenith  in  the  fourth  phase. 
The  outlines  are  drawn  in  black,  as  are  the  eyes,  horns,  mane 
and  hoofs.  The  modeling  is  done  with  various  shades  pro- 
duced by  the  mixing  of  yellow,  red  and  black.  Engraving 
always  accompanies  the  fresco,  serving  to  emphasize  the  details. 
These  polychrome  figures  are  seen  at  their  best  on  the  ceiling 
of  the  left  chamber  near  the  entrance;  also  at  Marsoulas  and 
Font-de-Gaume  (pis.  Ill  and  IV). 

Shortly  before  his  death,  M.  P.  Jamin,  a  well-known  Parisian 
artist,  exhibited  in  the  Paris  Salon  of  1903  a  large  oil  painting 
inspired  by  the  discovery  of  these  polychrome  frescoes.  This 
canvas  also  formed  part  of  the  French  art  exhibit  at  the  Louis- 
iana Purchase  Exposition,  St.  Louis,  in  1904.  It  represents 
the  cave-dweller  artist  in  the  little  side  chamber  of  Font-de- 
Gaume  at  work  on  one  of  the  thirteen  figures  of  the  bison  (see 
p.  560),  while  members  of  his  family  look  on  and  applaud. 
In  a  panel  above  his  head  is  the  unfinished  group  of  reindeer. 
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It  has  long  been  the  custom  for  artists  to  copy  the  old  masters. 
M.  Jamin  has  rendered  a  valuable  ser\dce  both  to  art  and 
archaeology  by  introducing  the  modern  French  school  of  painters 
to  the  earliest  school  of  art  developed  on  what  is  now  French 
soil.  The  ages  of  Phidias  and  of  the  Italian  Renaissance, 
viewed  in  the  light  of  their  antecedents,  are  wonderful  mani- 
festations; but  not  more  wonderful  than  that  of  the  Vezere 
Troglodyte,  a  contemporary  of  the  mammoth  and  rhinoceros, 
the  bison  and  the  reindeer. 
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WHY  HAS   THE   DOCTRINE   OF   LAISSEZ   FAIRE 
BEEN   ABANDONED? 


Perhaps  the  most  remarkable  change  which  economic  opin- 
ion has  undergone  during  the  last  fifty  years  has  been  the 
change  from  the  extreme  laissez  fairc  doctrines  of  the  classical 
economists  to  the  modem  doctrines  of  governmental  regulation 
and  social  control.  And  yet  there  has  been  very  little  attempt 
to  explain  why  laissez  faire  has  been  so  generally  abandoned. 
Its  abandonment  has  been  gradual  and  almost  unconscious, 
not  so  much  the  result  of  any  rival  abstract  doctrine,  as  the 
cumulative  effect  of  experience,  which  in  hundreds  of  individual 
cases  has  brought  men  face  to  face  with  the  practical  limita- 
tions of  the  let-alone  policy.  The  movement  is  fast  bringing 
us  back  to  the  old  view  by  virtue  of  which  economics  was  first 
named  political  economy. 

The  revival  of  governmental  activity  in  economic  affairs  is 
due  to  causes  which  are  partly  political  and  partly  economic 
This  paper  has  to  do  chiefly  with  the  economic  causes  and  we 
shall,  therefore,  merely  note  in  passing  the  chief  political 
aspects  of  the  problem.  One  reason  for  the  extension  of  gov- 
ernmental control  of  industry  is  the  growing  strength  of  gov- 
ernmental control  in  genoral  and  of  popular  confidence  in  it. 
Laissez  fairc  was  a  natural  doctrine  in  a  time  when  govern- 
ments were  weak  and  inefficient.  Change  of  power  has  brought 
change  of  the  theory  of  power.     Compulsory  workmen's  in- 
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surancc  we  find  in  the  strongly  developed  German  Empire; 
railway  rate  regulation  follows  increased  power  and  centraliza- 
tion of  government.  It  may  even  be  said  that  much  of  the 
modem  government  regulation  of  industry  resulted  from  the 
attempt  of  governments  to  extend  its  powers  in  self-defense. 
It  has  been  felt,  for  instance,  that  if  the  government  did  not 
control  the  railroads,  the  railroads  would  control  the  govern- 
ment. Government  regulation  here  has  taken  on  the  aspect  of 
a  struggle  for  supremacy.  Just  as  England  feels  the  necessity 
of  having  a  navy  equal  to  the  combined  navies  of  several  other 
European  powers,  so  governments  feel  that  they  must  overtop 
the  corporate  aggregations  of  wealth  with  which  they  may 
have  to  cope. 

Were  there  space  we  might  discuss  the  question  how  far  the 
movement  toward  governmental  interference  can  profitably  be 
pushed.  The  doctrine  of  socialism  lies  at  the  extreme  opposite 
pole  from  the  doctrine  of  laissez  jaire,  and  we  are  moving 
toward  socialism  dangerously  fast.  Yet  there  are  insuperable 
obstacles  to  the  success  of  sociaHstic  projects.  Governmental 
power  and  efficiency  are  limited  and,  when  one  class  of  society 
attempts  actually  to  rule  another,  there  is  always  a  tendency 
to  corruption,  inefficiency,  lack  of  adaptability  to  new  condi- 
tions, and  abuse  of  power.  Socialism  can  not  be  put  in  practice 
without  opposition,  and  to  maintain  itself  socialism  must  hold 
the  opposing  class  in  subjection.  Nominally  this  subjection 
would  be  a  benevolent  paternalism,  but  in  political  history  it  is 
the  universal  experience  that  the  party  in  power,  to  entrench 
itself  against  attacks,  soon  usurps  more  power,  employs  inde- 
fensible and  oppressive  methods,  and  tries  to  establish  itself  in 
the  enjoyment  of  special  selfish  privileges. 

Our  present  purpose,  however,  is  to  study,  not  the  political, 
but  the  economic  side  of  the  problem.  The  doctrine  of  laissez 
/aire  is  that  governmental  interference,  in  economic  matters  at 
least,  is  unnecessary  and  harmful.  Sometimes  it  is  added  as  a 
corollary  that  not  only  should  government  let  individuals  alone, 
but  also  that  individuals  should  let  each  other  alone.  "Live 
and  let  live  "and  "Each  for  himself"  are  the  mottoes  of  this  type 
of  individualism .     The  advocates  of  extreme  laissez  faire  main- 
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tain  that  one  class  is  not  justified  in  imposing  its  tastes  upon 
another.  They  say  we  must  not  meddle  with  our  neighbors' 
affairs,  even  if  they  are  wasting  their  lives  in  what  appears  to 
us  trivial,  useless,  or  positively  harmful  gratifications.  Those 
who  love  art,  science  or  literature  have  no  right,  we  are  told, 
to  criticize  those  who  are  bored  by  these  things,  but  love  prize- 
fighting, fast  horses,  fast  society,  or  high  living. 

The  reasoning  by  which  these  individualistic  doctrines  were 
supported  may  be  briefly  stated  in  two  propositions :  first,  each 
individual  is  the  best  judge  of  what  subservxs  his  own  interest, 
and  the  motive  of  self-interest  leads  him  to  secure  the  maxi- 
mum of  well-being  for  himself;  and,  secondly,  since  society  is 
merely  the  sum  of  individuals,  the  effort  of  each  to  secure  the 
maximum  of  well-being  for  himself  has  as  its  necessary  effect  to 
secure  thereby  also  the  maximum  of  well-being  for  society  as  a 
whole. 

In  the  light  of  the  experience  of  the  last  fifty  years,  it  is  not 
difficult  to  see  wherein  each  of  these  two  propositions  is  in  error. 
First,  it  is  not  true  that  each  man  can  be  trusted  to  pursue  his 
own  best  interests.  Some  men  need  enlightenment,  owing  to 
ignorance  of  what  constitutes  their  best  interests,  and  others 
need  restraint,  owing  to  lack  of  self-control  in  following  them. 
The  necessity  for  both  enlightenment  and  restraint  has  alwavs 
been  recognized  in  the  case  of  children,  and  an  examination  of 
actual  conditions  will  show  that  they  apply — often  with  equal 
force — to  adults. 

Liberty  is  certoinly  indispensible  in  a  healthy  society,  but 
liberty  insensibly  verges  upon  license.  While  most  of  us  would 
still  agree  that  sumptuary  laws  are  ill-advised,  there  is  certainly 
good  ground  for  maintaining  that  the  liquor  traffic  should  be 
put  under  some  restraint,  even  if  only  by  high  license.  It  is 
not  true  that  the  drunkard  is  the  best  judge  of  what  is  for  his 
own  well-being  and  that  of  his  family,  and  it  is  still  less  true 
that  even  when  he  thoroughly  recognizes  his  failings  he  will  have 
the  self-control  to  act  upon  that  knowledge.  Hence  the  liquor 
problem  becomes  a  social  as  well  as  an  individual  question, 
Again,  it  is  not  true  that  ignorant  parents  are  justified  in  im- 
posing their  ideas  of  education  upon  their  children ;  hence  the 
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problem  of  child-labor,  instead  of  concerning  only  the  individual 
as  was  at  one  time  thought,  has  important  and  far-reaching 
relations  to  society  as  a  whole.  The  same  principles  apply  to 
the  restraint  of  gambling,  vice,  the  suppression  of  indecent 
literature,  the  compulsion  upon  landlords  to  make  tenements 
sanitary,  and  many  other  forms  of  governmental  regulation. 

Even  where  governmental  intervention  is  impracticable, 
or  inadvisable,  there  will  still  be  good  reason  for  attempting 
betterment  of  conditions  through  the  influence  of  one  class  upon 
another;  hence  come  social  agitations  and  the  efforts  of  one 
class  to  educate  or  instruct  another.  On  this  principle  are 
based  the  great  modern  movements  for  human  betterment  as 
exemplified  by  the  Society  for  the  Study  and  Prevention  of 
Tuberculosis,  the  Society  for  Sanitary  and  Moral  Prophylaxis, 
the  National  Civic  Federation,  the  American  Institute  of 
Social  Service,  the  National  Child  lyabor  Committee,  temper- 
ance societies,  college  settlements,  district  nurse  associations 
and  other  organizations. 

Strange  as  it  may  seem  to  those  of  us  interested  in  these 
movements  to-day,  the  fact  is  that  a  generation  ago  many  of 
them  would  have  been  regarded  by  the  dominant  Manchester 
School  not  only  as  impracticable,  but  as  unnecessary  and  pos- 
sibly harmful.  The  adherents  of  this  school  seemed  to  treat 
the  difference  between  knowledge  and  ignorance  as  a  mere 
difference  in  opinion,  with  which  the  government  has  no  more 
concern  than  with  difference  of  religious  creeds.  It  is  certainly 
true  that  the  attempts  of  governments  to  impose  what  is  re- 
garded by  the  ruling  class  as  the  "true  religion"upon  the  entire 
people  have  always  proved  ill-advised ;  the  recognition  of  this 
has  produced  the  modern  sentiment  of  religious  toleration. 
But  we  are  carrying  toleration  too  far  when  we  refuse  to  correct 
errors  which  science  demonstrates  to  be  false.  There  are 
doubtless  millions  of  persons  to-day  who  jeer  at  the  idea  that 
indiscriminate  spitting  is  dangerous  to  public  heakh,  but  it 
would  be  silly  to  allow  their  ignorant  prejudice  to  prevail.  The 
bacteriologist  knows  what  the  ignorant  do  not  know,  and  every 
effort  should  be  made  to  pass  down  this  knowledge  to  the 
masses  as  soon  as  possible  after  it  is  discovered.     We  can  not 
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let  any  dogma  of  laissez  faire  prevent  us  from  checking  suicidal 
ignorance. 

The  world  consists  of  two  classes — the  educated  and  the 
ignorant^and  it  is  essential  for  progress  that  the  former  should 
be  allowed  to  dominate  the  latter.  But  once  we  admit  that  it 
is  proper  for  the  instructed  classes  to  give  tuition  to  the  unin- 
structed,  we  begin  to  see  an  almost  boundless  vista  for  possible 
human  betterment.  Instead  of  regarding  the  present  state  of 
society  as  a  normal  and  desirable  one  because  each  man  natu- 
rally "seeks  his  own  best  interests,"  we  permit  ourselves  to 
judge  each  actual  case  by  our  own  ideal  standard.  This 
standard  may  differ  widely  from  the  average  of  actual  usage. 
We  must  always  distinguish  between  the  ideal  or  normal,  and 
the  real  or  average. 

The  average  represents  merely  conditions  as  they  are;  the 
normal  represents  conditions  as  they  ought  to  be.  Yet  nothing 
is  more  common  than  confusing  the  two.  In  fact,  in  most  an- 
thropometric or  physiologic  tables,  the  word  "normal"  is  used 
almost  synonymously  with  "average."  The  normal  height  of 
man,  his  normal  weight,  his  normal  length  of  life,  his  normal 
diet,  strength,  etc.,  are  all  identified  with  the  average. 

In  this  way  all  question  of  possible  improvement  is  begged. 
We  are  stopped  at  the  outset  from  asking,  for  instance,  whether 
men  in  general  are  too  stout,  for  the  average  weight  of  mankind 
is  assumed  as  "normal."  The  absurdity  of  such  procedure 
becomes  apparent  as  soon  as  we  consider  cases  in  which,  by  com- 
mon consent,  the  average  and  the  normal  are  held  to  be  distinct. 
For  instance,  the  average  adult  man  certainly  does  not  have 
normal  teeth,  for  they  are  usually  half  decayed;  nor  normal 
hair,  for  he  is  usually  half  bald;  nor  normal  posture,  for  he  is 
usually  round-shouldered.  Average  health  is  below  normal 
health,  average  morality  below  normal  morality.  In  the  ab- 
sence of  evidence  we  have  no  right  to  assume  that  the  average 
and  the  normal  are  identical,  even  when  we  lack  the  data  on 
which  to  base  an  opinion.  It  is  only  recently,  and  in  conse- 
quence of  the  movement  against  tuberculosis,  that  experts  have 
come  to  realize  how  widely  different  is  the  average  air  we  breathe 
from  air  which  is   normal   for   human   respiration,  and   that 
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investigation  has  shown  the  average  diet,  in  America  at  least, 
to  be  abnormally  nitrogenous.  In  view  of  such  revelations  we 
should  be  open-minded  enough  to  accept  evidence — should  it 
be  offered — that  the  average  span  of  life  is  less  than  half  the 
normal  span,  and  the  average  efficiency  less  than  half  the  nor- 
mal efficiency. 

Those  who  habitually  confuse  the  normal  and  the  average  are 
prevented  from  seeing  the  possibility  of  progress.  They  take 
the  position,  as  unscientific  as  it  is  obstructive  of  progress,  that 
"whatever  is  is  right,"  presumptively  at  least,  and  brand  every 
one  who  deviates  from  the  average  as  an  eccentric  or  a  crank. 
The  confusion  between  the  normal  and  the  average  thus  leads  to 
the  confusion  between  the  eccentric  and  the  pioneer.  An  eccen- 
tric or  a  crank  is  properly  a  person  who  deviates  from  the  nor- 
mal, and  is  almost  the  opposite  of  the  pioneer,  who  deviates  from 
the  average,  but  toward  the  normal. 

Discrepancies  between  the  average  and  the  normal  may  apply 
- — in  fact,  do  apply — to  the  economic  side  as  well  as  to  other 
sides  of  life.  But  this  the  laissez  jaire  doctrine  denied.  The 
world  as  it  is  was  thought  to  be  nearly,  if  not  absolutely,  the  best 
world  possible.  One  example  of  this  complaisant  assumption 
was  in  the  use  of  the  term  "utility"  to  signify  the  intensity  of 
desire  that  men  have  for  things.  So  far  as  I  know,  the  only 
writer  who  has  attempted  systematically  to  distinguish  between 
the  desires  of  men  as  they  are  and  as  they  should  be,  is  Pareto, 
who  for  this  purpose  suggested  a  new  term — ophelimity — to 
replace  "utility"  as  applied  to  man's  actual  desires,  reser^ang 
for  the  term  "utility"  its  original  sense  of  what  is  intrinsically 
desirable.  Thus,  to  an  opium  fiend  opium  has  a  high  degree  of 
ophelimity,  but  no  utility.  Economists  have  not  yet  laid  suf- 
ficient emphasis  on  the  distinction  between  true  utility  and  what 
Pareto  calls  ophelimity.  A  whole  range  of  problems  of  social 
betterment  is  opened  up  through  the  distinction.  Economists 
have  received  with  derision  the  suggestions  of  reform  of  Ruskin. 
But,  however  impracticable  his  specific  proposals,  his  point  of 
view  is  certainly  saner  than  that  of  most  economists;  for,  as 
Ruskin  has  pointed  out,  it  is  absurd  to  regard  as  equivalent  a 
million  dollars  of  capital  invested  in  opium  culture,  and  a  million 
dollars  invested  in  schools. 
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But  there  remains  to  be  considered  a  second  fallacy  in  laissez 
faire.  Not  only  is  it  false  that  men,  when  let  alone,  will  always 
follow  their  best  interests,  but  it  is  false  that  when  they  do,  they  will 
always  thereby  best  serve  society.  To  Adam  Smith  it  seemed 
self-evident  that  a  man  served  society  best  who  served  himself 
best — though  he  would  certainly  have  admitted  that  the  rule 
had  exceptions  in  the  case  of  thieves,  assassins  and  others  who 
are  obviously  enemies  of  society.  But  the  extent  to  which  the 
classical  "economic  harmonies"  were  pushed  by  some  writers, 
while  not  including  such  persons  as  thieves  among  beneficent 
workers,  was,  nevertheless,  astonishing.  Herbert  Spencer's  ad- 
vocacy of  freedom  of  private  coinage  is  well  known,  though  anv 
one  familiar  with  "Gresham's  law"  knows  howchimerical  such  an 
institution  would  be.  A  still  more  astonishing  suggestion  is  that 
which  IMolinari  is  reputed  to  have  made  at  one  time,  namely, 
that  even  the  police  function  of  government  should  be  left  to 
private  hands,  that  police  corps  should  be  simply  voluntary 
vigilance  committees,  somewhat  like  the  old-fashioned  fire  com- 
panies, and  that  rivalry  between  these  companies  would  secure 
better  service  than  that  now  obtained  through  government 
police ! 

If  we  stop  to  classify  the  social  eflfects  of  individual  actions, 
we  shall  find  that  they  fall  into  three  groups:  (i)  those  actions 
which  benefit  the  individual  himself  and  have  no  effect  upon 
others;  (2)  those  actions  which  benefit  the  individual  and  at  the 
same  time  benefit  society;  (3)  those  actions  which  benefit  the 
individual  while  at  the  same  time  they  injure  society.  It  is  the 
third  group  which  the  laissez  faire  doctrinaries  have  overlooked, 
and  especially  that  part  of  the  third  group  in  which  the  injury 
to  society  outweighs  the  benefit  to  the  individual.  As  Huxley 
said  :* 

"Suppose,  however,  for  the  sake  of  argument,  that  we  accept 
the  proposition  that  the  functions  of  the  state  may  be  properlv 
summed  up  in  the  one  negative  commandment — 'Thou  shalt 
not  allow  any  man  to  interfere  with  the  liberty  of  any  other 
man ' — I  am  unable  to  see  that  the  logical  consequence  is  any 

*  Life  and  Letters  of  Thomas  H.  Huxley,"  by  Leonard  Huxley,  Vol.  I., 
pp.  3S4-5:  Applcton,  New  York,  1900 
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such  restriction  of  the  power  of  government,  as  its  supporters 
imply.  If  my  next-door  neighbor  chooses  to  have  his  drains  in 
such  a  state  as  to  create  a  poisonous  atmosphere,  which  I  breathe 
at  the  risk  of  typhoid  and  diptheria,  he  restricts  my  just  freedom 
to  hve  just  as  much  as  if  he  went  about  with  a  pistol  threatening 
my  life ;  if  he  is  to  be  allowed  to  let  his  children  go  unvaccinated, 
he  might  as  well  be  allowed  to  leave  strychnine  lozenges  about 
in  the  way  of  mine;  and  if  he  brings  them  up  untaught  and 
untrained  to  earn  their  living,  he  is  doing  his  best  to  restrict  my 
freedom,  by  increasing  the  burden  of  taxation  for  the  support  of 
gaols  and  work-houses,  which  I  have  to  pay. 

"The  higher  the  state  of  civilization,  the  more  completely  do 
the  actions  of  one  member  of  the  social  body  influence  all  the 
rest,  and  the  less  possible  is  it  for  any  one  man  to  do  a  wrong 
thing  without  interfering,  more  or  less,  with  the  freedom  of  all 
his  fellow  citizens." 

In  the  examples  given  by  Huxley,  the  acts  complained  of  are 
injurious  not  only  to  society,  but  to  the  individual.  But  even 
when  the  act  of  an  individual  is  actually  for  his  own  benefit,  it 
may  not  be  for  the  benefit  of  society.  The  paradox  that  the 
intelligent  actions  of  a  million  individuals,  each  attempting  to 
better  his  condition,  may  result  in  making  the  aggregate  condi- 
tion of  the  million  worse,  is  illustrated  by  considering  the  effect 
of  individual  action  in  the  case  of  a  burning  building.  When  a 
theater  is  on  fire,  thousands  of  frantic  individuals  are  struggling 
to  get  out.  In  the  panic,  it  is  doubtless  to  the  best  interest  of 
any  particular  individual  to  struggle  to  get  ahead  of  the  others ; 
if  he  does  not,  he  is  far  more  apt  to  be  burned.  And  yet  nothing 
is  more  certain  than  that  the  very  intensity  of  such  efforts  in 
the  aggregate  defeat  their  own  ends.  The  reason  is  that  the 
effect  of  the  effort  is  chiefly  relative ;  so  far  as  one  pushes  himself 
forward  he  pushes  others  backward. 

Numerous  examples  exist  of  actions  which  benefit  the  indi- 
vidual but  injure  society,  or  benefit  a  part  of  society  but  injure 
society  as  a  whole.  Thus,  the  city  of  Chicago,  in  tapping  the 
Great  Lakes  for  its  new  sewerage  system,  has  tended  to  influence 
the  level  of  those  lakes  and  thereby  aff"ect  economically  a  large 
territory,  including  several  states  of  the  Union  and  also  Canada. 
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It  has  been  estimated  that  the  level  of  the  lakes  may  be  affected 
as  much  as  six  inches. 

One  reason  for  federal  interference  in  irrigation  is  that  the 
water  supply  is  often  controlled  by  citizens  of  one  state,  while 
the  land  belongs  to  another  state  or  to  the  United  States,  and 
co-operation  between  the  two  is  difficult  to  secure.  Water,  in 
the  arid  lands  of  the  west,  is  a  prime  requisite,  and  without  it  the 
lands  have  no  value.  From  one  point,  Mt.  Union,  in  the  Yellow- 
stone Park,  three  rivers  begin — the  Missouri,  the  Columbia  and 
the  Colorado— flowing  into  the  Gulf  of  Mexico,  the  Pacific  and 
the  Gulf  of  California,  and  through  a  large  number  of  states  and 
a  vast  extent  of  territory.  The  mutual  interests  of  the  riparian 
owners  and  those  affected  by  irrigation  could  scarcely  be  adjusted 
merely  through  the  play  of  individual  interests. 

Similarly,  the  act  of  one  individual  in  destroying  forests  influ- 
ences climate  and  water  supply  and  thereby  aft'ects  other  indi- 
viduals in  distant  parts.  Where  individuals  in  the  community 
are  allowed  to  seek  their  own  interests  the  destruction  of  forests 
in  some  regions  inevitably  follows. 

A  like  effect  was  seen  a  few  years  ago  in  the  case  of  the  seal 
dispute  between  the  United  States  and  Great  Britain.  The 
play  of  individual  motive  in  this  case  tended  to  the  actual  ex- 
tinction of  seals,  and  could  only  be  curbed  by  the  mutual  agree- 
ment of  nations  to  prevent  pelagic  sealing. 

Individual  action  cannot  be  trusted  to  provide  fireproof  or 
slow-burning  construction  as  required  in  a  crowded  city ;  for  the 
individual,  although  interested  in  protecting  himself  from  his 
neighbors'  fires,  is  not  interested  in  protecting  his  neighbors 
from  his  o\\ti  fires ;  hence  the  necessity  and  justification  for  city 
fire  ordinances.  Similarly,  soft  coal,  in.  such  cities  as  Denver, 
St.  lyOuis  and  Pittsburg,  constitutes  a  veritable  nuisance  to  the 
entire  city ;  and  yet  the  individual  factory  owner  is  undoubtedly 
following  his  own  best  interest  in  not  substituting  hard  coal  or 
using  expensive  smoke-consumers.  Such  protective  measures 
would  redound  greatly  to  the  benefit  of  the  community,  but 
only  slightly  to  his  own  benefit ;  hence  the  necessity  and  justifica- 
tion for  smoke  ordinances.  Individual  action  would  never  give 
rise  to  a  system  of  city  parks,  or  even  to  any  useful  system  of 
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streets.  And  where  parks  exist,  as  in  the  case  of  Battery  Park, 
New  York,  there  is  a  constant  tendency  for  those  seeking  their 
individual  interests  to  encroach  upon  them.  In  Hartford  and 
other  cities  certain  parks  have  in  this  way  gradually  disappeared, 
much  to  the  damage  of  the  public. 

In  the  cases  mentioned,  of  a  conflict  between  social  and  indi- 
vidual interests,  legal  restraints  become  necessary.  But  there 
are  manv  examples  in  which,  for  one  reason  or  another,  legal 
restraints  are  impracticable.  This  is  particularly  true  in  cases 
where  a  number  of  nations  are  concerned.  There  can  be  no 
question,  for  instance,  that  the  standing  armies  and  great  navies 
are  an  almost  intolerable  burden  in  Europe,  and  that  their 
existence  has  tended  to  increase  the  cost  of  our  own  army  and 
navy,  three  thousand  miles  awav.  Nevertheless,  in  the  absence 
of  any  central  international  authority  or  mutual  agreement  to 
bring  about  disarmamicnt,  it  m.ust  be  confessed  that  it  is  to  the 
interest  of  Germanv  or  France  each  individually  to  keep  up  its 
militarv  equipment  to  a  level  comparable  to  that  of  its  neighbors. 
Yet  the  aggregate  effect  of  international  competition  for  mili- 
tar}'  powx-r  is  to  cancel  itself  out ;  the  advantages  and  disadvan- 
tages are  purelv  relative.  The  nations  are  in  a  mad  race  each 
to  excel  the  other.  Their  object  being  purely  one  of  relative 
advantage,  such  advantage  can  be  shifted  from  one  to  the  other 
but  cannot  accrue  to  all.  A  general  increase  in  relative  advan- 
tage is  a  contradiction  in  terms,  so  that  in  the  end  the  racers  as 
a  w'hole  have  only  their  labor  for  their  pains. 

An  economic  example  of  the  same  international  character,  and 
one  which  received  verv  scant  attention,  is  found  in  the  increase 
of  the  monetary  metals.  The  production  and  distribution  of 
gold  and  silver  is  the  effect  of  individual  action,  each  person 
seeking  his  own  best  interests.  Yet  the  aggregate  effect  upon 
these  individuals  may  be  injurious.  The  injury  referred  to  is 
not  the  imaginary  injury  of  an  "unfavorable  balance  of  trade" 
which  was  the  bugbear  of  the  mercantilists,  but  the  exact  oppo- 
site. A  nation  which  increases  its  stock  of  money  is  always  and 
necessarily  a  loser.  This  increase  costs  the  nation  either  labor 
of  mining  or  commodities  sent  out  of  the  country,  and  for  this 
cost  there  is  no  return  whatever.     To  assume  that  the  increase 


IRVING   FISHER.  587 

of  money  is  itself  a  valuable  return  is  to  commit  the  fallacy  of 
inflationism.  Money  is  a  very  peculiar  commodity.  A  general 
increase  of  other  commodities  is  an  advantage  to  society,  but  a 
general  increase  of  money  is  not.  The  inflationist  reasons  that 
if  a  government  can  enrich  one  person  by  printing  paper  money 
and  bestowing  it  upon  him,  it  has  only  to  do  the  same  for  every- 
body in  order  to  enrich  the  nation.  The  paper-money  delusion 
is  too  well  understood  to  require  comment.  It  is,  however,  not 
alwavs  perceived  that  precisely  the  same  reasoning  applies  to 
all  inflation,  even  the  inflation  which  nature  herself  creates 
when  she  unlocks  her  hoards  of  buried  treasure.  The  United 
States  now  has  $33  of  money  per  capita  as  against  $22  a  few 
years  ago,  but  we  are  no  better  oft'  on  that  account.  The  smaller 
amount  of  money  is  as  useful  in  exchange  as  the  larger  amount. 
There  are,  of  course,  transition  evils  in  contracting  or  expanding 
the  currency,  but  so  long  as  the  price  level  remains  constant  or 
certain,  the  absolute  number  of  dollars  of  the  circulating  me- 
dium is  a  matter  of  indifference.  It  follows  that  any  effort 
expended  in  increasing  the  stock  of  money  is  wasted  effort,  an 
effort  without  a  return.  This  waste  is  a  necessary  concomitant 
of  monetary  individualism. 

A  not  dissimilar  case,  and  one  which  is  now  causing  much 
discussion,  is  that  of  railroad  rates.  Those  who  have  examined 
the  working  of  competition  in  railroad  transportation  recognize 
the  fact  that  this  competition  is  of  the  variety  called  "cut-throat 
competition, ' '  and  that  no  stable  or  normal  rates  for  transpor- 
tation, under  which  capitalists  will  consent  to  invest  in  railway- 
building,  can  occur  through  such  competition.  Those  who  advo- 
cate competition  as  a  cure  for  the  evils  of  railroad  rates  do  not 
appreciate  the  mechanics  of  the  problem.  The  effect  of  compe- 
tition is  to  bring  rates  down  to  the  cost  of  operation ;  it  leaves  no 
provision  for  interest  on  capital  sunk  in  the  enterprise.  If  the 
cost  of  operation  is  one  cent  per  ton-mile,  whereas  two  cents  are 
required  to  include  enough  revenue  to  pay  interest  on  original 
cost,  rates  under  competition  will  inevitably  sink  below  the 
two-cent  level  to  the  one-cent  level.  For  if  we  assume  that  the 
two-cent  rate  is  for  a  moment  the  ruling  rate,  it  is  clear  that  it 
would  pav  anv  individual  competitor  to  cut  under  that  rate  hi 
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order  to  divert  traflic  away  from  his  rivals.  But  as  soon  as  he 
cuts  below  it,  all  the  others  must  do  likewise  or  lose  their  traffic. 
This  competition  is  merely  self-defense,  and  yet  its  ultimate 
effect  is  to  injure,  not  benefit,  all  of  the  roads  who  engage  in  it. 
It  is  cut-throat  competition.  In  order  that  rates  may  be  main- 
teined  at  the  two-cent  instead  of  the  one-cent  level,  either  com- 
petition must  be  absent,  or  it  must  be  partial  or  imperfect.  In 
the  actual  railroad  world  competition  is  usually  present  at  some 
points  and  absent  at  others.  The  consequence  of  this  mixture 
of  competition  and  monopoly  is  that  rates  will  be  determined 
differently  for  some  points  than  for  others,  and  this  constitutes 
what  is  called  local  discrimination.  In  a  regime  where  monop- 
oly is  present,  discrimination,  not  only  of  this  local  character,  but 
discrimination  as  to  persons  and  as  to  commodities  carried,  is  a 
natural  and  inevitable  result.  It  is  not,  of  course,  a  desirable 
result ;  but  it  is  no  more  undesirable  than  is  the  cut-throat  com- 
petition which  is  the  other  horn  of  the  dilemma.  This  cut-throat 
competition  discourages  the  investment  of  capital  in  new  rail- 
roads, and  the  shippers  and  consumers  must  in  the  end  suffer. 
This  dilemma  between  the  evils  of  monopoly  and  of  competition 
leads  to  governmental  regulation,  though  the  efficacy  of  this 
remedy  is  not  all  that  could  be  desired.  It  is  not  our  purpose  to 
discuss  the  best  solution  of  so  difficult  a  question.  We  are 
merely  concerned  in  pointing  out  that  this  railroad-rate  prob- 
lem is  partly  due  to  cut-throat  competition  and  that  cut-throat 
competition  is  one  more  example  of  the  suicidal  effects  of 
blindly  following  individual  self-interest. 

Numerous  other  examples  might  be  given ;  we  shall,  however, 
content  ourselves  with  one.  As  John  Rae  has  pointed  out,  there 
exists  a  species  of  subtle  competition  in  private  expenditure, 
due  to  social  rivalry — the  desire  for  distinction  through  wealth. 
It  has  frec^uently  been  remarked  among  ladies'  social  clubs 
which  begin  with  simple  entertainments,  that  each  successive 
hostess  attempts,  almost  unconsciously,  to  surpass  her  predeces- 
sor in  the  entertainment  offered.  Beginning  with  tea  and  cake, 
the  club  ends  with  elaborate  and  expensive  collations,  until  it 
produces  a  heavy  drain  upon  the  resources  of  its  members.  In 
precisely  the  same  way,  on  a  larger  scale,  there  is  laid  a  heavy 
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burden  upon  us  all  through  the  social  rivalry  of  individuals.  I 
we  study  the  history  of  Newport  or  similar  fashionable  resorts, 
we  find  that  social  racing  has  gradually  resulted  in  setting  a  pace 
which  only  the  most  wealthy  can  keep  up,  and  that  even  for 
them  expenditure  represents  cost  rather  than  satisfaction.  This 
cost  often  takes  the  form  of  producing  fictitious  values  on  arti- 
cles merely  because  they  are  '  'exclusive. ' '     As  John  Rae  says  :* 

"A  dish  of  nightingale's  brains  could  scarcely  be  a  very  deli- 
cious morsel,  3'et  Adam  Smith  quotes  from  Pliny  the  price  paid 
for  a  single  nightingale  as  about  i^66.  According  to  Suetonius, 
no  meal  cost  Vitellius  less  than  ^^2,000.  *  *  *  Thus  Adam 
Smith  reckons  the  cost  of  some  cushions  of  a  particular  sort 
used  to  lean  on  at  table,  at  ;^3o,ooo.''' 

Nor  do  we  need  to  draw  our  examples  from  ancient  Rome. 
The  "Histor}"  of  Luxury"  by  Baudrillart  will  show  the  tendency 
to  produce  luxury  out  of  social  rivalry  in  all  ages.  It  was  only 
recently  that  an  American  in  London  gave  a  dinner  party  which 
was  said  to  have  cost  $8,000.  The  table  was  placed  in  a  large 
Venetian  gondola  set  in  the  midst  of  an  artificial  lake,  while  in  a 
smaller  gondola  near  by  a  band  was  stationed. 

Much  has  been  said  of  late  about  the  importance  of  living  the 
simple  life,  but  so  far  as  I  know  there  has  been  no  analysis  to 
show  why  it  is  not  lived.  This  analysis  would  reveal  that  the 
failure  to  live  it  is  due  to  a  kind  of  unconscious  cut-throat  compe- 
tition in  fashionable  society.  When  San  Francisco  was  destroyed 
by  earthquake  and  fire,  much  comment  was  made  upon  the 
fact  that  many  did  not  feel  their  losses  as  much  as  might  have 
been  anticipated.  One  reason  for  this  result  is  doubtless  found 
in  the  fact  that  the  losses  were  not  relative.  Had  a  single  indi- 
vidual found  himself  suddenly  reduced  from  a  palace  to  a  tent, 
his  sense  of  loss  and  discomfiture  would  have  been  great.  He 
could  no  longer  return  social  entertainment  among  his  former 
associates;  he  would  feel  "out  of  it,"  and  envy  would  gnaw  at  his 
breast.  But  after  the  San  Francisco  catastrophe  there  was  little 
place  for  envy ;  all  were  in  the  same  boat.  There  was  no  relative 
loss,  there  was  only  the  absolute  loss  of  creature  comforts,  and 

♦"Sociological  Theory  of  Capital,"  by  John  Rae,  ed  by  C.  W.  Mixter; 
MacMillan,  1905,  p.  247. 
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strange  as  it  may  seem  to  one  who  has  not  considered  it,  the 
absohite  loss  is  the  smaller  of  the  two. 

It  is  hard  to  overestimate  the  tax  which  is  laid  upon  society 
through  social  racing.  We  are  not  conscious  of  this  weight, 
because,  like  the  weight  of  the  atmosphere,  it  is  always  pressing 
upon  us.  The  New  York  business  man  buys  a  silk  hat  as  a 
matter  of  course.  He  does  not  think  of  its  cost  as  a  tax  laid  on 
him  by  society.  He  is  satisfied  because  the  hat  fills  a  want,  and 
he  does  not  consider  how  that  want  originated.  It  is  only  when 
the  tax  varies  by  change  of  place,  just  as  when  atmospheric 
pressure  varies  by  ascending  a  mountain,  that  he  is  at  all  aware 
of  its  existence.  If  he  removes  to  a  smaller  town  where  social 
racing  is  less  intense  and  the  leaders  in  the  race  are  unable  to  set 
so  high  a  pace,  he  finds  the  tall  hat  no  longer  de  rigueur.  He 
drops  off  this  and  numerous  other  expenses  and  feels  himself 
that  much  better  off.  A  gentleman  recently  refused  a  salary  of 
$7,000  in  New  York,  preferring  $4,000  in  a  smaller  town,  feeling 
that  he  could  buy  no  more  real  satisfaction  with  the  former  than 
with  the  latter.  The  extra  $3,000  meant  simply  that  it  would 
cost  more  to  keep  up  with  his  neighbors. 

The  burden  of  social  racing  is  laid  not  only  on  the  rich  but 
upon  all  classes.  A  milliner  in  New  Haven  recently  thought  to 
avoid  competing  with  existing  fashionable  millinery  establish- 
ments by  catering  to  the  trade  of  shop  girls.  To  his  surprise,  he 
found  that  the  tyranny  of  fashion  was  quite  as  strong  among 
them.  He  attempted  to  put  on  sale  a  large  number  of  $5  and  $6 
hats,  but  found  great  difiticulty  in  disposing  of  them,  whereas  the 
few  $15  and  $16  hats  met  with  a  very  ready  sale.  The  shop 
girls  wanted  these  hats  to  "be  in  the  swim."  Recently,  in 
France,  a  whole  family  committed  suicide  because  they  had  lost 
the  capital  which  they  considered  necessary  to  keep  their  social 
position. 

Many  ingenious  arguments  have  been  made  to  justify  luxury 
and  in  some  of  them  there  may  lie  truth.  The  fact  that  luxuri- 
ous expenditure  can  be  so  readily  cut  down  in  hard  times  pro- 
vides a  sort  of  buffer  against  want  and  famine.  The  relations  of 
luxury  to  the  growth  of  population  deserve  careful  study.  But 
whatever  the  indirect  benefits  of  luxury,  certain  it  is  that  it 
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forms  a  tax  upon  society,  and  a  heavy  one.  It  seems  also  true 
that,  where  hixury  is  greatest,  civiHzation  decays. 

Were  there  more  space  we  might  discuss  remedies  for  this 
social  racing;  but  we  must  content  ourselves  with  merely  de- 
scribing the  phenomenon.  It  exemplifies  the  manner  in  which 
the  self-seeking  of  each  may  create  a  burden  for  all. 

From  this  and  the  other  examples  which  have  been  reviewed 
we  see  that  the  mechanics  of  individualism  is  not  so  simple  as  the 
individualists  have  assumed.  The  old  individualism  requires 
two  corrections :  first,  the  individual  may  often  be  interfered  with 
in  his  own  interest,  because  either  of  his  ignorance  or  his  lack 
of  self-control ;  secondly,  even  when  an  individual  can  be  trusted 
to  follow  his  own  best  interests,  it  cannot  be  assumed  that  he 
will  thereby  best  ser\^e  the  interests  of  society.  A  recognition 
of  these  two  facts  is  essential  not  only  to  clear  thinking,  but  as 
preliminary  to  any  practical  solution  of  the  great  problems  of 
human  betterment.  We  are  doubtless  to-day  in  danger  of  too 
much  socialistic  experimentation;  but  nothing  can  be  gained 
and  much  may  be  lost  by  ignoring  or  condoning  the  opposite 
evils  of  individualism.  In  fact,  the  menace  of  socialism  can 
best  be  met  if  we  understand  and  acknowledge  the  evils  which 
it  is  intended  to  remedy.  The  preliminary  to  remedy  is  diag- 
nosis, and  an  accurate  diagnosis  will  save  us  from  the  error  of 
both  extremes — the  extreme,  on  the  one  hand,  of  an  overdoes 
of  socialism,  and  the  extreme,  on  the  other  hand,  of  omitting 
all  medication  whatever. 
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THE  EXPANSION  OE  PHYSIOLOGY. 


Looking  forward  into  the  far  future,  we  may  perhaps  dimly  discern  the 
day  when  morphology  and  physiology  will  again  join  hands  *  *  * 
but  that  day  is  as  yet  most  distant. 

When  Dr.  Michael  Foster,  the  eminent  physiologist,  was  writ- 
ing the  lines  quoted  above,  the  two  grand  divisions  of  biology 
to  which  he  refers  seemed  separated  as  if  by  a  great  gulf.  In 
England  and  America  morphology  was  the  reigning  favorite  and 
in  the  higher  institutions  of  learning  physiology  as  such  hardly 
existed.  Both  zoology  and  botany  had  come  almost  every- 
where to  mean  morphology,  and  morphological  problems  were 
the  popular  themes  of  the  day.  Even  in  medical  schools,  physi- 
ology was  as  yet  generally  denied  an  independent  existence, 
being  commonly  appended  to  or  combined  with  the  chair  of 
anatomy,  i.  e.,  one  of  morphology. 

Dr.  Foster  was  writing  in  the  earl}^  eighties,  and  those  who, 
like  myself,  can  recall  the  conditions  of  biological  teaching  and 
research  at  that  time  will  testify  that  his  words  were  justified. 
It  is  true  that  a  full  professorship  of  physiology  had  been  estab- 
lished in  the  Harv^ard  Medical  School  in  1876,  and  that  a  brilli- 
ant young  physiologist,  one  of  Foster's  own  pupils,  in  the  same 
year  assumed  the  professorship  of  biology  at  Johns  Hopkins. 
And  yet  I  distinctly  remember  how  strange  and  how  full  of 
chemistry  and  physics  the  first  edition  of  Foster's  physiology 
seemed  as  it  was  shown  to  me  in  1876  by  my  professor  of  com- 


598  SECTION    K. 

parative  anatomy,  and  also  how  two  years  later  I  studied  physi- 
ology in  the  medical  school  of  one  of  our  leading  universities  for 
a  whole  season,  under  a  young  physician  of  more  than  ordinary 
ability  and  promise,  without  once  seeing  a  demonstration — still 
less  doing  an  experiment.  The  class  simply  recited — upon  so 
many  pages  of  Dalton's  "Human  Physiology'." 

All  this  was  the  more  remarkable  because,  according  to  Dr. 
(now  President)  G.  Stanley  Hall,  physiology  was  at  that  very 
time  "  'The'  German  Science" — a  fact  stated  and  emphasized 
bv  Dr.  Hall  by  the  title  of  one  of  a  series  of  contemporary  essays 
which,  re-read  to-day,  almost  cause  one  to  regret  that  the  author 
abandoned  the  career  of  literature  for  that  of  administration. 
(C/.  "Aspects  of  German  Culture,"  by  G.  Stanley  Hall,  1881.) 

"Physiolog}',"  says  Dr.  Hall,  "has  been  characterized  as  just 
now  preeminently  the  German  science.  This  is  probably  true, 
whether  it  means  that  German  physiologic  methods  and  results 
are  less  known  in  other  countries  than  those  of  other  sciences,  or 
that  they  reflect  more  peculiarly  the  national  characteristics. 
Till  Foster's  text-book  appeared,  very  little  was  known  in  Eng- 
land and  America  of  German  physiolog}',  save  by  specialists 
who  themselves  had  studied  in  Germany.  *  *  *  p^^k 
terms  ph3'siolog)%  'the  highest  and  most  fruitful  generalization 
of  the  collective  natural  sciences.'  Czermak,  who  devoted  his 
wealth  to  building  and  equipping  a  magnificent  laboratory 
and  lecture  room  and  his  time  to  the  end  of  his  life  to  the 
popularization  of  physiolog}^  was  never  weary  of  insisting  that  it 
should  be  taught  in  every  high  school.  Once  more,  evolution 
in  the  sense  of  Darwin  or  Haeckel  is  far  from  being  a  finality 
for  the  physiologist.  It  is  for  him  rather  a  morphological 
assumption  that  all  animals  and  men  belong  to  one  family; 
and  he  defines  his  science  with  Pfliiger  as  the  chemistry  and 
physics  of  living  matter." 

Physiology  in  Great  Britain  and  America  had,  in  fact,  so  far 
lagged  behind  that  the  publication  of  Foster's  text-book  with 
its  revelation  of  some  of  the  German  physiolog}^  of  the  day 
created  a  real  sensation.  In  the  English-speaking  countries 
morphology-  was  everywhere  the  fashion  and  biologists,  whether 
botanists  or  zoologists,  were  then,  almost  without  an  exception, 
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morphologists.  Even  ten  years  after  Foster's  book  appeared, 
Huxley,  who  had  himself  previously  defined  the  grand  divisions 
of  biology  as  morphology  and  physiology  rather  than  zoology 
and  botany,  speaks  of  zoology,  in  his  Queen's  jubilee  essay  on 
"The Progress  of  Science"  1887), as  if  this  were  really  morphol- 
ogy when  he  writes:  "It  is  only  in  the  present  epoch  that 
zoology  and  physiology  have  yielded  any  great  aid  to  pathology 
and  hygiene." 

When  Foster's  text-book  appeared,  descriptive  zoology  and 
embr>'Ology  were  already  rivals  in  popularity,  and  the  appear- 
ance in  1880  of  Balfour's  "Comparative  Embryologv^"  made  this 
subject  for  zoologists  almost  a  passion.  And  yet  to-day  Bal- 
four's then  fascinating  work  seems  strangely  descriptive  and 
somewhat  over  anxious  after  merely  structural  homologies.  In 
his  "Introduction"  Balfour,  while  defining  embryology  as  cover- 
ing "the  anatomy  and  physiology  of  the  organism  during  the 
whole  period  included  between  its  first  coming  into  being  and 
its  attainment  of  the  adult  state,"  is  carefully  to  add:  "The 
present  treatise  deals  only  with  the  embryology  of  animals,  and 
the  science  is  moreover  treated  from  the  morphological  or  ana- 
tomical rather  than  the  physiological  side."  So  much  was  em- 
bryology the  fashion  of  the  day  that  Foster  himself  issued  with 
Balfour  a  well-knoT\Ti  volume  on  the ' '  Embryology  of  the  Chick," 
and  this  too  as  a  morphological,  not  a  physiological,  treatise. 
In  view  of  these  evidences  of  Balfour's  preoccupation  with  mor- 
phological problems,  it  is  interesting  to  learn  from  Dr.  A.  C. 
Haddon,  one  of  his  students,  that  Balfour  always  looked  upon 
this  preoccupation  as  temporary  and  that  he  intended  to  devote 
himself  eventually  to  comparative  physiolog}-.  Huxley  again 
omitted  all  reference  to  physiology'  in  embryology  when  in  1878 
he  defined  the  latter  as  "an  account  of  the  anatomy  of  a  living 
being  at  the  successive  periods  of  its  existence,  and  of  the  man- 
ner in  which  one  anatomical  stage  passes  into  the  next."  And 
yet  he  incidentally  recognized  the  equality  of  physiology  and 
morpholog}'  by  remarking  that  "geolog}^  is,  as  it  were,  the 
biology  of  our  planet  as  a  whole.  In  so  far  as  it  comprises  the 
surface  configuration  and  the  inner  structure  of  the  earth  it 
answers  to  morpholog}-;  in  so  far  as  it  studies  changes  of  con- 
dition and  their  causes  it  corresponds  with  physiology," 


6oO  SECTION   K. 

This  supremacy  of  morphology  continued  well  on  into  the 
nineties,  but  about  ten  or  twelve  years  ago  signs  of  a  change  be- 
gan to  appear,  and  no  one  who  has  observed  even  superficially 
the  progress  of  biology  during  the  last  decade  can  have  failed  to 
perceive  an  immense  and  increasing  interest  in  general  and 
comparative  physiology,  accompanied  by  a  decline  of  interest, 
relatively  speaking,  in  pure  morphology.  Investigations  in 
chemical  physiology,  mental  physiology,  embryological  phys- 
iology, cytological  physiology,  comparative  physiology,  and 
in  the  general  physiology  of  the  response  and  the  behavior  of 
animals,  have  rapidly  come  to  the  front,  while  the  field  of  vege- 
table physiology  is  being  cultivated  as  never  before.  In  its 
various  aspects  general  physiology  is  to-day  probably  receiving 
from  investigators  more  attention  than  special  or  mammalian 
(including  human)  physiology,  and  displacing  in  the  hands  of 
zoologists,  to  a  remarkable  extent,  more  strictly  morphological 
studies  of  a  systematic,  phylogenetic  or  ontogenetic  character. 

Twenty  years  ago  to  be  a  zoologist  meant  to  be  a  morpholo- 
gist,  but  to-day  many  professors  of  zoology  are  either  becoming 
or  have  already  become  veritable  physiologists.  Most  of  the 
"experimental  zoology"  and  "embryology"  of  the  present  is 
really  general  physiology.  So  also  are  large  parts  of  physiolog- 
ical chemistry,  physiological  psychology,  cytology,  protozool- 
ogy, microbiology  and  bacteriology.  Hygiene,  climatology,  ex- 
perimental medicine,  pharmacology,  and  many  other  modem 
branches  of  biology  are  also  chiefly  physiological  rather  than 
morphological.  Foster's  guarded  prophecy  of  1885  had  an 
almost  hopeless  tone,  for  he  put  "most  distant,"  and  in  "the  far 
future,"  the  day  when  "perhaps"  morphology  and  physi- 
ology will  come  together  once  more;  and  here  again,  for  the 
thousandth  time,  prediction  touching  the  future  of  science 
has  proved  to  be  empty  and  vain — for  scarcely  had  a  score 
of  years  gone  by  before  Foster's  "most  distant"  day  was 
already  brightly  dawning,  and  physiology  and  morphology 
were  again  "joining  hands"  in  experimental  zoology.  So  far, 
indeed,  has  this  movement  extended  that  even  the  general 
biologist  may  now  claim  the  workers  in  the  newer  fields  as 
immigrants  into  his  own,  pointing  with  pride  to  the  breadth 
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and  depth  of  their  work  as  justifying  that  still  older  idea  of 
physiology  in  which  it  was  essentially  what  we  now  call  "bio- 
ology ;"  or  even  that  oldest  idea  of  all,  in  which  physiology  was 
the  equivalent  of  the  ultima  thulc  of  all  these  sciences,  "natural 
philosophy" — a  term  hallowed  on  its  mathematical  side  by  the 
name  of  Isaac  Newton,  and  in  its  entirety  reaching  back  to  the 
pupils  of  Aristotle. 

That  the  recent  expansion  of  physiology  is  not  really  a  new 
departure  but  rather  a  return  to  an  older  as  well  as  a  more  nor- 
mal condition,  is  another  interesting  fact.  In  1854  there  was 
published  in  London,  and  republished  in  America,  the  fourth 
edition  of  a  thick  volume  of  700  pages  by  Dr.  W.  B.  Carpenter, 
on  "Comparative  Physiology',"  an  examination  of  which  shows 
that  the  zoologists  of  that  day  were  fully  alive  to  many  of  the 
very  problems  upon  which  so  many  of  our  modem  zoologists 
are  engaged  at  the  present  time.  The  first  thing  that  strikes  us 
in  this  work  is  the  fact  that  plants  and  animals,  some  high  and 
some  low  in  the  scale  of  life,  are  equally  considered,  and  always 
side  by  side.  It  is,  therefore,  really  a  treatise  on  general  biology. 
The  next  is  that  physiology  ordinarily  so  called,  that  is  to  say, 
human  physiologv,  is  nowhere  much  in  evidence.  We  also 
find  that  functions,  rather  than  organs,  are  dwelt  upon,  and  the 
general  functions  of  organisms — such  as  alimentation,  nutrition, 
reproduction,  and  the  liberation  of  heat,  light,  and  electricity — 
as  well  as  the  special  functions  of  organs — absorption,  circula- 
tion, respiration,  and  the  like;  the  general  functions  always  in 
plants  as  well  as  animals.  It  was  therefore  truly  a  comparative 
physiology. 

Dr.  Carpenter's  work  was  published  the  year  before  I  was  born, 
but  when,  as  a  special  student  of  biology  twenty  years  later,  I 
began  the  study  of  physiology,  the  book  was  never  mentioned 
and  the  subject  never  touched  upon,  both  being  apparently 
little  esteemed  if  not  actually  forgotten.  It  was  very  likely 
this  work  that  Foster  had  in  mind  when  he  wrote  in  the  context 
to  the  passage  quoted  at  the  outset  of  this  article :  "  In  its  more 
general  meaning  physiology-  was  largely  used  of  old,  and  is  still 
occasionallv  used  in  popular  writings,  to  denote  an  inquiry  into 
the  nature  of  living  beings.   *   *   *   In  its  older  sense   *   *   *  (it) 
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corresponded  to  what  is  now  called  biology."  Recalling  the  fun- 
damental, original  and  epoch-making  "Handbuch"  of  Johannes 
Miiller  published  in  Germany  between  1834  and  1840  (and  in 
English  from  1837)  and  Carpenter's  text-book  just  referred  to 
on  "Comparative  Ph^'siology,"  published  in  England  and 
America  in  1854,  we  are  compelled  to  regard  the  present  re- 
markable development  of  physiology  as  not  merely  an  expan- 
sion, but  also  a  renascence  or  revival — a  return,  as  it  were,  to  an 
earlier  normal. 

The  question  naturally  arises.  How  did  it  happen  that  general 
and  comparative  physiology,  after  beginnings  so  brilliant,  was 
virtually  eclipsed  from  the  time  of  Carpenter  to  that  of  Verwom 
— (for  Claude  Bernard's  "Legons  sur  les  phenomenes  de  la  vie 
communs  aux  animaux  et  aux  vegetaux"  published  in  1878, 
had  at  the  time  very  little  general  effect,  and  were  hardly  more 
than  a  succes  d'estime).  Why  was  it,  we  may  well  inquire, 
that  the  pendulum  of  biological  research  and  teaching  swung  so 
far  over  to  the  morphological  sijle,  while  mammalian  and  medi- 
cal (or  human)  physiology  rapidly  advanced — at  least  in  Ger- 
many— separated  itself  from  anatomy,  a  branch  of  morphology, 
and  secured  for  itself  important  and  independent  recognition 
with  sustaining  professorships? 

To  this  question  the  answer  is,  I  think,  extremely  simple — 
the  dates  mentioned,  and  the  fact  that  the  phenomenon  was 
most  marked  in  EngUsh-speaking  countries,  giving  us  the  proper 
clue.  In  all  probability  the  rapid  rise  of  interest  in  general 
morpholog}'  and  the  corresponding  neglect  of  general  physiology 
after  i860  were  alike  due  to  the  almost  complete  and  universal 
absorption  of  biologists,  and  especially  English-speaking  biolo- 
gists, in  the  problem  of  the  origin  of  species.  For  getting  light 
upon  this  all-important  problem,  studies  in  morphological 
embryology,  in  comparative  anatomy  and  in  systematic 
zoology  and  botany  were  simply  indispensable  as  sources  of 
evidence  bearing  upon  the  doctrine  of  descent,  and  hence 
studies  ontogenetic  and  ph^'logenetic,  rather  than  physiologic, 
were  for  the  time  being  enthusiastically  and  almost  exclusively 
pursued.  That  medical  physiologV'  did  not  suffer  a  similar 
total  eclipse  by  morphology,  but  rather  continued  to  advance 
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(at  least  in  Germany)  until  in  1881  Stanley  JHall  could  de- 
scribe it  as  "'The' German  Science,"  was  obviously  because 
of  its  technical  importance  to  medicine.  That  it  flourished  in 
Germany  and  not  in  England  was  doubtless  due  partly  to  the 
persisting  influence  of  Johannes  Miiller's  great  work  and  partly 
to  the  fact  that  the  struggles  over  Darwinism  were  severest 
and  most  distracting  on  English  soil. 

Whatever  the  reason,  it  had  somehow  come  to  pass  that  in 
the  eighties  there  was  nowhere  any  physiology  to  speak  of  out- 
side the  medical  schools  (while  that  inside  these  schools  was 
often  of  the  poorest),  and  that  my  own  generation  grew  up 
almost  totally  ignorant  of  general  and  comparative  physiology. 
If  the  reason,  as  seems  likely,  was  the  rise  and  all-embracing 
influence  of  Darwinism,  we  may  perhaps  be  pardoned  if  Ver- 
worn's  innocent  remark,  that  the  doctrine  of  descent  has  not 
thus  far  "been  fruitful  in  physiology,"  seems  to  some  of  us  far 
within  the  truth  as  not  to  touch  it.  But  at  last,  when,  after 
nearly  forty  years,  descriptive  embrology  and  the  phylogeny 
of  animals  and  plants  had  been  well  worked  out,  and  when  even 
the  noise  of  the  great  struggle  over  the  origin  of  species  had 
mostly  died  away,  opportunity  came  for  that  remarkable  ex- 
pansion of  physiolog}'  which  we  are  now  witnessing  and  which, 
if  I  am  right,  is  not  merely  an  expansion,  but  a  renascence.  It 
is  a  renascence,  however,  not  like  the  great  period  of  that  name 
in  history,  preceded  by  a  dark  or  middle  age  in  general  knowl- 
edge, for  between  1854  and  1894  a  splendid  development  of  all 
other  sciences  had  taken  place,  theological  bonds  had  been 
broken,  and  the  freedom  of  speech  and  of  research  enlarged 
and  strengthened.  Chemistry  and  physics  had  wonderfully 
expanded  and  developed  and  were  ready  to  shed  new  light 
upon  physiological  processes,  so  that  we  might  say  once  more, 
and  may  to-day  repeat  with  renewed  confidence,  what  George 
Henry  Lewes  said  before  the  eclipse — "The  hope  of  science  at  the 
present  day  is  to  express  all  phenomena  in  terms  of  dynamics." 

As  for  the  importance  of  the  revival  and  of  the  recent  expan- 
sion of  physiology  for  biology,  making  of  the  latter  once  more 
that  rounded  whole — totus  teres  atgiie  rotuiidus — which  it  ought 
to  be,  it  is  difficult  to  exaggerate.     If,  as  we  believe,  biology  is 
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only  the  chemistry  and  physics  of  Hving  matter,  and  if  our  hope 
"is  to  express  all  phenomena  in  terms  of  dynamics, "we  cannot 
but  rejoice  that  having  accumulated  within  the  last  fifty  years  a 
vast  and  precious  store  of  morphological  material  we  may  now 
pass  on  to  the  investigations  of  questions  of  the  relation,  causa- 
tion and  coordination  of  activities;  of  processes  rather  than 
homologies,  of  behavior  rather  than  form,  or  mechanism  rather 
than  framework.  I  am  informed  by  an  excellent  authority 
that  a  similar  tendency  is  apparent  in  medicine  itself,  and  that 
to-day  the  processes  rather  than  the  results  of  disease  occupy 
the  center  of  interest  in  patholog}^ 

Clerk  Maxwell  long  ago  remarked  concerning  biology,  that 
"sciences  of  this  kind  are  rich  in  facts,  and  will  be  well  occupied 
for  ages  to  come  in  the  coordination  of  these  facts."  Surely  it 
is  a  matter  for  rejoicing  that  physiology  is  to-day  dealing  with 
a  wider  range  of  facts  than  ever  before.  It  is  no  longer  confined 
within  medical  schools,  in  which  mammalian,  or  at  least  ver- 
tebrate, facts  must  always  be  of  paramount  importance,  for,  as 
has  been  shown  above,  zoologists  and  botanists  in  our  univer- 
sities and  colleges  are  turning  their  attention  to  the  behavior 
and  activities  of  the  lower  forms  of  life,  both  plant  and  animal. 
It  is,  however,  unfortunate  that  the  beginner  still  generally  finds 
no  physiolog}',  under  that  name,  offered  in  our  higher  institutions 
of  learning  outside  the  medical  schools,  in  which  physiology  is 
necessarily,  and  rightly  enough,  influenced  to  a  great  degree  by 
the  needs  of  technical  students,  since — as  Huxley  said  long  ago 
— "a  medical  school  is  a  technical  school:  a  school  in  which  a 
practical  profession  is  taught."  For  while  physiologists  have 
abundantly  demonstrated  that  pure  science  may  thrive  in  a 
technical  atmosphere,  still,  it  must  always  be  true  that  in  a 
technical  school  the  applications  of  science  will  be  most  in  de- 
mand, and  hence  most  influential.  Instead  of  reproving  medi- 
cal physiologists  for  their  failure  to  cover  the  whole  field  we 
ought,  however,  to  be  grateful  to  them  for  having  stuck  to  their 
guns  so  devotedh'  after  all  other  physiologists,  both  general 
and  comparative,  had  deserted  the  field  and  followed  after 
morphological  gods,  such  as  embryolog\^,  homology  and  phylog- 
eny.     At   last,  however,  the   zoologists  and  botanists  are  re- 
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turning  to  their  own  and  taking  up  llicir  old  work.  It  is  greatly 
to  be  hoped  that  some  of  these  niav  eventually  come  to  acknowl- 
edge themselves  physiologists,  and  that,  very  soon,  students  of 
biology  in  our  higher  institutions  of  learning,  whether  zoologists 
or  botanists,  may  have  offered  to  them  equal  opportunities  in 
general  or  comparative  morphology  and  general  or  comparative 
physiolog>^  (An  excellent  resume  of  present  tendencies  may 
be  found  in  the  various  addresses  in  Vol.  V.,  Congress  of  Arts 
and  Science,  Universal  Exposition,  St.  Louis,  1906). 

Meantime,  what  is  most  important  is  to  realize  that  physi- 
ology is  still  and  always  will  be  one  of  the  two  grand  divisions 
of  biology;  that  it  offers,  to-day,  especially  in  its  general  and 
its  comparative  divisions,  a  field  white  for  the  harvest  and — ■ 
what  makes  it  still  more  inviting — one  mostly  unworked  since 
the  publication  of  the  origin  of  species.  \\'hen  we  realize  these 
facts  and  also  what  a  wealth  of  new  knowledge  the  progress  of 
other  sciences  such  as  chemistry  and  physics  has  placed  at  our 
disposal  since  i860,  it  is  clear  that  to  general  physiology  we 
may  probably  look  in  the  immediate  future  for  the  greatest 
advances  in  biology.  We  have  already  got  from  medical  physi- 
ologists the  broad  outlines  of  the  physiology  of  animal  organs 
and  from  plant  physiologists  of  the  organs  of  plants;  we  are 
getting  from  the  experimental  zoologists — and  particularly  the 
embryologists  and  cytologists — the  physiology  of  animal  cells, 
including  various  protoplasms.  Our  next  great  advance  must 
come  in  the  physiology  of  organisms  as  wholes,  and  that  not 
merely  of  the  lower  organisms,  but  of  the  higher  also.  In  this 
direction  studies  on  nutrition  are  already  beginning  to  tell,  and 
epidemiology  has  much  to  teach.  When  climatology — a  science 
of  rare  possibilities — and  the  numerous  divisions  of  public 
hygiene  shall  have  "coordinated  their  facts,"  we  shall  have  at 
least  the  groundwork  of  a  complete  physiology  of  the  higher 
organisms. 

The  discussion  which  is  to  follow — a  discussion  possible  in- 
deed onlv  after  morphology  had  cleared  the  way — should  aft'ord 
in  a  consideration  of  the  actions  and  reactions  between  parasitic 
protozoa  and  mankind,  an  excellent  example  of  the  broader 
general  physiology'  of  to-day  and  to-morrow. 


: 
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The  Protozoa  from  the  Standpoint  of  the  Gener^vl  Naturalist. 
By  Edmund  B.  Wilson. 


Some  General  Principles  in  Connection  with  Protozoa  as  Factors 
in  Disease.     By  C.  W.  Stiles. 


The  Protozoan  Species.     By  Gary  N.  Calkins. 


The  Morphological  Diagnosis  of  Pathogenic  Protozoa.     By  James 
Ewing. 


Immunity  against  Trypanosomes.     By  F.  G.  Novy, 
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Report  of  the  Gexeral  Secretary. 


The  fifty-seventh  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  was  held  at  Columbia  University,  New  York  City,  Decem- 
ber 27,  1906,  to  January  2,  1907. 

The  registered  attendance  of  association  members  was  934.  This  places 
the  meeting  as  the  fifth  in  order  of  size.  It  was  exceeded  in  attendance 
by  the  meetings  at  Philadelpliia  in  1884  (attendance  1,261),  Boston  in 
1880  (997),  Washington  in  1902-3  (975)  and  Montreal  in  1882  (937). 

The  average  attendance  at  the  last  twenty  meetings  of  the  association 
preceding  the  New  York  meeting  was  only  458,  about  one-half  as  great 
as  at  the  New  York  meeting. 

The  above  figures  are  from  the  registration  at  the  central  registration 
office  up  to  five  o'clock  on  December  31.  The  registration  of  attendance 
of  three  sections  of  the  association  was  known  to  be  incomplete  at  that 
time  on  account  of  an  accident  which  interfered  with  the  arrangements 
for  registration.  It  is  believed  that  the  total  number  of  persons  in  attend- 
ance at  the  meetings  of  the  association  and  affiliated  societies  was  not 
less  than  1,500,  placing  it  first  in  rank  among  meetings  of  the  association. 

The  following  shows  the  registered  attendance  by  sections:  A — Mathe- 
matics and  Astronomy,  80;  B — Physics,  104;  C — Chemistry,  106;  D — 
Mechanical  Science  and  Engineering,  25;  E — Geology  and  Geography, 
115;  F — Zoology,  181;  G — Botany,  139;  H — Anthropology,  57;  I — Social 
and  Economic  Science,  24;  K — Physiology  and  Experimental  Medicine, 
'61;  no  preference  indicated,  42. 

The  geograpliical  distribution  of  the  934  members  who  registered  is  as 
follows;  300  from  New  York;  no  from  the  District  of  Columbia;  96 
from  Massachusetts;  82  from  Pennsylvania;  44  from  New  Jersey;  44 
from  Ohio;  30  from  Connecticut;  25  from  Illinois;  17  from  Rhode  Island; 
17  from  Canada;  14  from  Maryland;  14  from  New  Hampshire;  12  from 
Micliigan;  11  from  Virginia;  11  from  Missouri;  10  from  Wisconsin;  and 
less  than  ten  from  each  of  twenty-four  different  states.  Two  persons 
registered  from  England  and  one  each  from  Ireland,  Cuba  and  Japan. 

Four  hundred  and  eleven  new  members  were  added  to  the  association 
at  this  meeting.  Of  these  about  350  are  due  to  the  activity  of  the  local 
committee,  which  had,  moreover,  previously  sent  nominations  in  of  about 
125  members. 
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Ten  papers  were  furnished  to  Section  A.  These  papers  were  presented 
before  the  one  joint  session  with  the  Mathematical  Society  and  the  Astro- 
nomical Society  or  were  merged  in  their  programs. 

Section  B  had  ten  papers  on  its  program,  and  the  American  Physical 
Society  had  twenty-seven  papers.  The  papers  were  presented  in  joint 
sessions. 

Section  C  met  in  joint  session  with  the  American  Chemical  Society,  at 
which  one  hundred  and  twenty-three  papers  were  presented.  The  large 
number  of  papers  required  that  the  section  be  divided  into  sub-sections 
of  inorganic,  organic,  industrial,  agricultural  and  sanitary,  physical  and 
biological  chemistry,  each  presided  over  by  a  special  chairman  who  added 
to  the  interest  of  the  meeting  by  an  address  on  his  special  branch  of  chem- 
istry. Although  the  registered  attendance  of  Section  C  was  but  little 
more  than  loo,  the  secretary  of  that  section  states  his  belief  that  about 
300  chemists  were  present  at  the  meetings. 

Nine  papers  were  presented  before  Section  D  (Engineering). 

Section  E  held  two  independent  sessions  for  the  reading  of  papers;  it 
also  held  four  joint  sessions  with  the  Geological  Society  of  America,  the 
sessions  being  held  in  two  sub-sections.  Ten  papers  were  presented  to 
the  section,  and  more  than  sixty  papers  were  presented  to  the  Geological 
Society. 

Section  F  held  joint  sessions  for  the  reading  of  papers  with  the  American 
Society  of  Zoologists,  at  which  about  eighty  papers  were  presented.  There 
was  also  held  a  joint  session  with  Section  G  for  the  reading  of  papers  on 
plant  and  animal  breeding.  The  secretary  of  the  section  says  that  the 
attendance  at  the  meetings  was  from  100  to  300. 

Section  G  held  three  independent  sessions  for  the  reading  of  papers. 
About  thirty  papers  were  presented.  Members  of  the  section  also  took 
part  in  one  joint  session  with  Section  F,  and  attended  largely  the  meetings 
of  the  Botanical  Society  of  America,  one  of  which  was  held  at  the  Botanical 
Garden  in  Bronx  Park. 

The  program  of  Section  H  and  its  two  affiliated  societies  contained 
forty-nine   papers. 

The  programs  of  Section  I,  including  the  joint  session  with  the  Anthro- 
pological Association  and  Section  H,  contained  eighteen  papers. 

Section  K,  together  with  its  affiliated  societies,  held  four  sessions. 

Much  more  than  one-half  of  the  papers  of  the  meeting  belonged  to  the 
affiliated  societies  rather  than  to  sections  of  the  association.  From  this 
point  of  view  the  meeting  was  a  confederation  of  affiliated  societies  to  a 
greater  extent  than  it  was  a  meeting  of  a  group  of  sections  of  a  compact 
organization. 

The  subject  of  the  address  of  the  retiring  president  of  the  association. 
Professor  C.  M.  Woodward,  was  "The  Science  of  Education."  A  vice- 
presidential  address  was  delivered  before  each  section. 

The  relations  between  the  sections  and  the  affiliated  societies  were 
entirely  harmonious,  the  officers  cooperating  with  each  other  in  making 
arrangements  for  meetings. 
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Columbia  University  placed  its  buildings  at  the  disposal  of  the  associa- 
tion and  the  greater  number  of  sections  met  at  the  university.  Certain 
meetings  were  held  elsewhere,  notably,  the  meetings  of  Section  K  at  the 
Rockefeller  Institute  and  at  the  College  of  Physicians  and  Surgeons. 
Appropriate  thanks  were  tendered  by  the  president  of  the  association  at 
the  closing  general  sessions  to  the  local  committee,  the  authorities  of 
Columbia  University,  and  to  many  others  who,  in  their  capacities  as  hosts, 
contributed  to  the  success  of  the  meeting. 

The  following  general  events  contributed  to  the  success  of  the  meeting 
and  the  pleasure  of  those  in  attendance:  (i)  A  reception  by  the  president 
of  Columbia  University  at  Earl  Hall  on  Thursday  evening;  (2)  a  general 
meeting  with  addresses  and  luncheon  at  the  College  of  the  City  of  New 
York  at  noon  on  Saturday;  (3)  on  Saturday  afternoon  exercises  at  the 
American  Museum  of  Natural  History,  connected  with  the  unveiling  of 
the  busts  of  ten  American  men  of  science,  presented  to  the  museum  by 
Mr.  Morris  K.  Jesup;  (4^)  on  Saturday  evening  a  gathering  at  the  museum 
to  see  the  collections  and  special  exhibits  arranged  for  the  occasion.  The 
cultivation  of  acquaintance  among  the  members  was  also  promoted  by 
niany  smokers,  dinners  and  other  special  events  which  brought  various 
groups  together.  The  reception  at  Earl  Hall  on  Thursday  evening  was 
probably  the  only  occasion  at  which  one  found  so  large  a  gathering  of 
members  at  any  one  place  as  to  give  the  idea  that  this  meeting  of  the 
association  was  an  unusually  large  one.  Probably  most  members  did  not 
realize  that  they  were  attending  one  of  the  largest  if  not  the  largest  meeting 
of  many  years. 

The  most  important  actions  taken  by  the  council  and  the  association 
were  as  follows; 

1.  The  addition  of  a  new  section  to  the  association,  namely.  Section 
L — Education.  A  petition  in  favor  of  the  formation  of  such  a  section 
was  presented  to  the  association  to  which  were  affixed  the  signatures 
of  1 7 1  men,  including  many  of  the  most  prominent  educators. 

2.  The  title  of  Section  Hwas  changed  from  "Anthropology"  to  "Anthro- 
pology and  Psychology." 

3.  The  permanent  secretary  was  authorized  to  publish  hereafter  the 
programs  of  the  affiliated  societies  as  a  part  of  the  official  program  of 
the  association. 

4.  Section  E,  and  other  sections  desiring  to  do  so,  were  authorized  to 
hold  meetings  in  the  summer  of  1907. 

5.  A  standing  committee  of  fifteen  on  seismology  was  appointed.  The 
committee  consists  of  G.  K.  Gilbert,  U.  S.  Geological  Survey;  Cleveland 
Abbe,  U.  S.  Weather  Bureau;  L.  A.  Bauer,  Carnegie  Institution;  C.  E. 
Button,  U.  S.  Army;  H.  F.  Reid,  Johns  Hopkins  University;  Otto  Klotz, 
Observatory,  Ottawa,  Ontario;  W.  W.  Campbell,  Lick  Observatory; 
A.  C.  Lawson,  chairman,  Californfa  State  Earthquake  Commission;  R.  S. 
Tarr,  Cornell  University;  L.  M.  Hoskins,  Stanford  University;  C.  G. 
Rockwood,  Jr.,  Princeton  University;  W.  H.  Hobbs,  University  of  Michi- 
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gan;  W  J  McGee,  St.  Louis;  John  F.  Hayford,  U.  S.  Coast  and  Geodetic 
Survey;  and  T.  A.  Jagger,  Jr.,  Harvard  University. 

6.  A  standing  committee  of  five  on  the  bibliography  of  science  was 
appointed,  one  of  whose  duties  shall  be  to  cooperate  with  the  International 
Catalogue  of  Scientific  Literature.  The  committee  consists  of  J.  McKeen 
Cattell,  R.  S.  Woodward,  Jas.  Lewis  Howe,  Wm.  Trelease  and  C.  B. 
Davenport. 

7.  A  Darwin  Memorial  Committee  of  ten  was  appointed  to  consider  the 
manner  in  which  the  American  Association  for  the  Advancement  of  Science 
may  suitably  commemorate  the  fiftieth  anniversary  of  the  publication 
of  the  first  edition  of  the  "Origin  of  Species."  The  committee  consists 
of  H.  F.  Osborn,  chairman,  L.  O.  Howard,  E.  G.  Conklin,  A.  C.  Lane,  D.  T. 
MacDougal,  J.  McK.  Cattell,  J.  M.  Colter,  H.  B.  Ward,  F.  Boas  and  C.  B. 
Davenport,  secretary. 

8.  Grants  for  research  were  made  as  follows:  $100  to  the  Concilium 
Bibliographicum ;  $100  to  Professor  Frederick  E.  Clements  for  aid  in  the 
study  of  the  relation  of  Alpine  plants  to  their  environment;  $100  to  J. 
Arthur  Harris  for  aid  tocomplete  a  statistical  investigation  of  the  influence 
of  environment  on  the  characteristics  of  organisms.  The  last  two  recom- 
mendations were  made  on  the  understanding  that  the  grants  will  be 
expended  under  the  supervision  of  the  standing  committee  on  the  relations 
of  plants  to  climate. 

9.  The  Entomological  Society  of  America  was  admitted  to  the  privileges 
of  affiliation. 

ID.  The  council  recommended  that  the  committee  on  the  policy  of  the 
association  be  requested  to  consider  means  by  which  the  efficiency  of  the 
organization  of  the  association  may  be  increased  and  the  office  of  the 
permanent  secretary  be  made  more  important,  and  that  the  consideration 
of  these  matters  be  made  to  include  the  following  points:  procuring  a 
permanent  secretary  to  devote  his  entire  time  to  the  work  of  the  associa- 
tion and  to  receive  greatly  increased  pay;  the  matter  of  raising  the  dues 
of  the  association;  the  matter  of  dropping  the  entrance  fee  of  the  associa- 
tion; the  matter  of  changing  the  time  of  convocation  week  and  of  the 
meeting  of  the  association;  and  the  relation  of  the  association  to  the 
affiliated  societies. 

11.  It  was  decided  to  hold  the  next  regular  meeting  of  the  American 
Association  for  the  Advancement  of  Science  at  Chicago  in  the  winter 
of  1907-8,  and  not  to  hold  a  summer  meeting  in  1907. 

12.  It  was  recommended  to  the  next  general  committee  that  a  meeting 
be  held  in  the  summer  of  1908,  preferably  in  some  New  England  town, 
and  that  the  regular  meeting  during  convocation  week  in  1908-9  be  held 
in  Baltimore. 

The  officers  elected  for  the  ensuing  year  were : 

President — Professor  E.  L.  Nichols,  Cornell  University. 

General  Secretary — President  F.  W.  McNair,  Michigan  School  of  Mines. 
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Secretary  0}  the  Council — Professor  Wm.  Harper  Davis,  Lehigh  University. 
Vice-presidents  of  the  Sections: 
A — Professor  E.  O.  Lovett,  Princeton  University. 
B — Professor  Dayton  C.  Miller,  Case  School  of  Applied  vScience. 
C — Professor  H.  P.  Talbot,  Massachusetts  Institute  of  Technology. 
D — Professor  Olin  H.  Landreth,  Union  College. 
E — Professor  J.  P.  Iddings,  Chicago  University. 
F — Professor  E.  B.  Wilson,  Columbia  University. 
G — Professor  C.  E.  Bessey,  University  of  Nebraska. 
H — Professor  Franz  Boas,  Columbia  University. 
I— Dr.  John  Franklin  Crowell,  New  York  City. 
K — Dr.  Ludvig  Hektoen,  Chicago  University. 
L — Hon.  Elmer  E-  Brown,  U.  S.  Commissioner  of  Education. 
Secretary  of  Section  B — Professor  A.  D.  Cole,  Ohio  University,  for  five 
years. 

Secretary  of  Section  I — Professor  J.  P.  Norton,  Yale  University,  for  five 
years. 

Secretary  of  Section  L — Professor  Edwin  G.  Dexter,  University  of  Illinois, 
for  five  years. 

The  Sectional  Committee  of  the  New  Section,  "  L"  (Education)^President, 
David  Starr  Jordan,  Leland  Stanford  University;  President  Charles  S. 
Howe,  Case  School  of  Applied  Science;  Professor  Thomas  M.  Balliet,  New 
York  University;  Professor  E.  L.  Thorndike,  Columbia  University;  Pro- 
fessor C.  M.  Woodward,  Washington  University. 

The  minutes  of  the  opening  general  session  in  Earl  Hall  on  December  27, 
together  with  the  addresses,  are  appended  to  this  report. 

John  F.  Hayford, 

General  Secretary. 

Proceedings  of  the  Opening  Session. 

President  C.  M.  Woodward  in  the  Chair. 

Professor  Woodward:  The  American  Association  for  the  Advance- 
ment of  Science  will  please  come  to  order.  In  opening  this  meeting,  ladies 
and  gentlemen,  and  before  I  perform  my  simple  official  duty  of  introducing 
the  new  president,  I  cannot  avoid  saying  what  a  joy  it  is,  what  a  delight 
it  is,  to  meet  such  a  congregation  of  scientific  men.  As  one  looks  down 
the  fifty-nine  years  which  this  association  has  lived  and  has  seen  how 
from  a  few  hundred  it  has  grown  to  four  thousand  members,  and  how 
many  splendid  tilings  it  has  performed  in  one  way  or  another,  all  in  the 
interests  of  science  and  making  that  science  meet  the  needs  of  man  in  this 
great  community,  it  is  a  time  for  congratulation;  and  I  feel  especially 
proud  to  be  for  the  moment  a  representative  of  such  an  organization.  And 
with  this  word  of  greeting  to  you  and  of  congratulation  for  the  association, 
I  take  great  pleasure  in  presenting  to  you  the  president-elect,  who  will 
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preside  over  our  deliberations  and  lead  us  forward  during  the  few  days 
that  we  now  meet  together,  Doctor  W.  H.  Welch,  of  the  Johns  Hopkins 
University,  who  is  to  be  president  for  the  coming  year — Doctor  Welch. 

Doctor  Welch  :  Ladies  and  gentlemen,  this  is  not  the  first  meeting  of  the 
association  over  which  I  have  had  the  honor  to  preside,  inasmuch  as  the 
old  custom  of  holding  a  midsvmimer  meeting  was  revived  last  summer. 
Before  this  larger  gathering  of  the  association  I  desire  to  renew  the  expres- 
sion of  my  thanks  and  of  my  profound  appreciation  of  the  honor  conferred 
upon  me  by  election  to  this  high  office.  I  interpret  this  honor  above 
all  as  a  recognition  of  the  position  held  to-day  by  medicine  in  its  relations 
to  general  science,  and  it  is  especially  as  an  honor  conferred  upon  the  science 
of  medicine  that  I  beg  to  acknowledge  your  action  in  selecting  me  to  preside 
over  this  association  of  scientific  men  and  women. 

We  shall  now  have  the  pleasure  of  listening  to  words  of  welcome  from 
the  president  of  Columbia  University,  Dr.  Butler. 

President  Butler:  Mr.  President,  ladies  and  gentlemen,  it  is  a  pleas- 
ure, and  no  small  satisfaction,  speaking  on  behalf  of  my  colleagues  in  the 
university — trustees,  faculties,  alumni  and  students — to  offer  you  a  cordial 
and  hearty  welcome  to  our  home.  Nowhere  in  America,  perhaps,  could 
you  by  any  possibility  receive  a  warmer  or  more  sympathetic  welcome 
than  here.  We  are  so  fortunate  as  to  count  among  our  university  member- 
ship a  very  considerable  proportion  of  the  membership  of  your  association, 
and  we  look  to  them  to  lead  and  to  guide  and  organize  our  university 
policies  and  opinions  in  the  field  of  the  sciences  of  nature  and  of  man. 
Whatever  facilities  we  may  have  for  making  you  comfortable  and  happy 
are  wholly  and  entirely  at  your  service,  and  our  part  will  be  played  to  our 
own  satisfaction  if,  when  the  hour  of  adjournment  comes,  you  shall  feel 
that  nothing  has  been  left  undone  that  thought  or  care  could  do  to  provide 
in  every  way  for  the  success  of  this  gathering  and  for  this  most  important 
meeting. 

I  might  perhaps  stop  here,  because,  after  all,  there  is  not  much  to  be 
gained  by  repeating  a  formal  invitation  that  is  once  given  with  sincerity 
and  heartiness;  but  I  can  not  resist  the  opportunity  to  say  just  a  word 
in  addition  to  my  word  of  welcome.  I  am  one  of  those  who  now  for  nearly 
thirty  years  has  observed  at  first  hand  the  slow,  and  then  the  rapid,  advance 
of  the  sciences  to  their  present  place  in  the  school  and  college  programs 
of  this  country.  It  has  been  my  fortune  to  listen  to  and  sometimes  to 
participate  in  the  discussions  and  debates  which  have  accompanied  that 
advance.  So  far  as  I  now  recollect,  every  vote  that  I  have  had  to  give 
has  been  given  in  its  favor.  But  now  at  the  end  of  this  period  I  can  not 
help  feeling,  as  I  observe  from  reading  the  literature  of  the  subject  that  the 
same  feeling  is  shown  in  England,  in  France  and  in  Germany,  that  we  have 
not  yet  succeeded  in  so  organizing  the  sciences  as  instruments  of  general 
education  as  to  fulfil  the  high  expectations  which  some  of  us  formed  for 
them  nearly  a  quarter  of  a  century  ago. 
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This  is  a  subject  which  I  respectfully  commend  to  the  study  of  this  most 
representative  and  competent  body.  What  is  it  that  remains  to  be  done, 
and  what  should  we  here  do,  so  to  correlate  and  organize  and  present  the 
subject  matter  and  the  methods  of  the  sciences  as  to  increase  their  effective- 
ness as  educational  instruments? 

I  say  with  great  frankness  that  if  we  did  not  know  that  we  are  going 
through  what  is  doubtless  a  period  of  transition,  the  movement  in  which 
we  have  all  been  participating  has  cost  us  something  and  gained  not  much. 
But  we  are  going  through  a  period  of  transition.  Perhaps  we  are  expecting 
too  nmch  and  too  soon,  but  my  purpose  in  saying  what  I  now  say  is  to 
bring  to  your  attention  the  fact  that  to  many  of  us  the  consideration  of 
the  educational  effectiveness  of  the  sciences  touches  the  whole  field  of 
human  interest,  of  human  knowledge  and  of  human  activity. 

There  can  be  little  doubt  that  the  sciences  of  nature  and  of  man,  properly 
organized  and  presented  as  educational  instruments,  are  destined  to  be 
classified  as  true  humanities.  I  can  not  help  feeling  that  in  addition  to 
their  power  to  instruct  and  inform  they  have  a  power  to  refine,  to  uplift 
and  to  guide;  but  I  am  quite  confident  that  as  yet  we  are  very  far  short  of 
having  so  organized  this  material  as  to  attain  these  ends. 

I  hope  very  much  that  the  next  decade  may  see  intensive  study  of  this 
aspect  of  these  scientific  problems  and  of  scientific  work;  and  that  out  of 
it  all  may  come,  not  a  larger  place  in  the  educational  program  for  the 
sciences,  because  that  would  hardly  be  possible — but  a  more  effective  and 
more  uplifting  and  a  more  humanizing  result  of  teaching  the  sciences, 
in  order  that  we  may  pass  on  to  the  next  generation  this  new  educational 
instrumentality  organized  and  perfected  for  true  educational  work,  which 
never  can  be  limited  to  the  passing  of  information  from  hand  to  hand  or 
mere  instruction  in  method  by  master  to  pupil. 

I  throw  out  this  suggestion,  because  here,  in  this  association,  are  men 
and  women  devoting  their  lives  to  the  study  and  investigation  and  presen- 
tation of  truth,  to  whom  in  the  colleges  and  universities,  and  to  whom  in 
the  nation  at  large,  we  must  look  for  the  formulation  of  the  answer  to  just 
such  questions  as  this.  To  them  I  commend  the  question  at  to  the  proper 
organization  of  the  sciences  as  instrumentalities  in  general  education. 

I  say  again  you  are  heartily  and  completely  welcome  to  this  university 
and  whatever  hospitality  it  can  offer  and  every  act  of  friendliness  which 
you  will  give  us  the  privilege  to  show. 

President  Welch  responded  to  the  address  of  welcome  as  follows: 

Ladies  and  Gentlemen:  In  behalf  of  the  members  of  the  American 
Association  for  the  Advancement  of  Science  and  of  the  Affiliated  Societies 
I  thank  you  heartily.  President  Butler,  for  your  cordial  words  of  welcome, 
and  I  assure  you  and  your  colleagues  that  it  is  most  gratifying  to  us  to 
have  the  opportunity  of  meeting  in  this  city  and  at  this  university. 

It  was  not  until  nearly  forty  years  after  its  foundation  that  this  associa- 
tion met  first  in  the  city  of  New  York,  whereas  this  third  meeting  in  New 
York  follows  only  six  years  after  the  preceding  one  in  the  same  place. 
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These  events  in  their  periods  of  sequence  indicate  in  a  measure  the  rate 
of  growth  of  science  in  tliis  city  and  its  increase  of  attractiveness  to  men 
of  science.  While  for  a  century  and  more  there  have  been  eminent  scientific 
men  in  New  York  City,  it  is,  nevertheless,  true  that  for  a  long  period  of 
time  letters  and  science  were  not  represented  in  tliis  city  in  a  degree  at  all 
commensurate  with  its  position  in  other  respects,  and  New  York  thereby 
lacked  a  note  of  distinction  in  its  civic  and  educational  life  possessed  by 
several  smaller  cities  and  even  small  towms  in  this  country. 

In  recent  years,  indeed  in  the  short  interval  since  our  last  meeting  here, 
the  conditions  have  changed  rapidly,  and  New  York  is  taking  a  position 
in  education  and  the  promotion  of  science  more  nearly  approaching  its 
leadership  in  commerce  and  other  material  interests.  The  most  powerful 
instrumentality  in  bringing  about  this  great  advance  has  been  Columbia 
University  with  the  influences  which  have  gathered  about  it,  and  it  is 
most  gratifying  to  the  members  of  this  association  to  witness,  where  we 
are  now  assembled,  the  marvelous  growth  of  this  great  university.  A 
worthy  share  in  this  development  of  the  higher  learning  has  been  borne 
also  by  New  York  University,  and  in  our  visit  to  the  new  buildings  of  the 
College  of  the  City  of  New  York,  where  a  general  meeting  of  the  association 
is  to  be  held  on  Saturday,  we  shall  have  the  opportunity  to  behold  the 
visible  evidences  of  the  most  enlightened  liberality  of' a  municipality  in 
support  of  higher  education  for  the  people. 

Those  interested  in  natural  science  will  find  nowhere  a  more  impressive 
illustration  of  municipal  liberality  in  support  of  an  institution  for  the 
instruction  of  the  people  and  the  advancement  of  natural  knowledge  than 
the  American  Museum  of  Natural  History,  where  on  Saturday  evening 
we  are  to  be  the  guests  of  the  trustees  of  the  museum  and  of  the  council 
of  the  New  York  Academy  of  Sciences,  this  latter  organization  ranking 
also  among  the  important  forces  contributing  to  the  development  of  science 
and  of  the  scientific  spirit  in  this  city,  and  adding  much  to  the  interest  of 
our  meeting  by  the  admirable  exhibition  and  demonstrations  of  recent 
scientific  progress  which  it  has  arranged  in  the  museum.  No  feature  of 
our  meeting  will  afford  greater  pleasure  and  inspiration  than  the  ceremonies 
attending  the  unveiling  of  the  busts  of  American  men  of  science  presented 
to  the  museum  by  Mr.  Morris  K.  Jesup,  to  whose  generosity,  public  spirit 
and  individual  efforts  American  science  is  so  deeply  indebted.  I  wish 
to  acknowledge  at  this  time  the  courteous  thoughtfulness  of  the  trustees 
of  the  museum,  not  only  for  their  hospitality,  but  also  for  selecting  the 
time  of  our  meeting  for  these  interesting  ceremonies. 

The  Metropolitan  Museum  of  Art,  with  its  magnificent  collections  in 
art  and  archeology,  like  the  American  Museum  of  Natural  History,  sets 
an  example  to  the  national  government  in  the  cultivation  of  the  sciences 
and  the  fine  arts. 

Our  botanical  members  at  their  meeting  at  the  New  York  Botanical 
Garden  will  find  there,  as  well  as  in  the  adjacent  Zoological  Park,  in  the 
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opportunities  afforded  for  the  study  of  science  and  for  the  delight  of  the 
people,  another  and  kindred  illustration  of  the  wise  liberality  of  this  city. 

The  New  York  Public  Library,  with  its  magnificent  new  building  ap- 
proaching completion,  is  another  splendid  foundation,  resting  upon  both 
private  and  public  munificence,  which  ranks  among  the  great  educational 
institutions  of  this  city,  whose  growth  and  widened  usefulness  in  recent 
years  are  significant  of  the  progress  of  learning  and  science. 

The  holding  of  meetings  of  one  of  our  sections  and  of  affiliated  societies 
in  the  new  building  of  the  Rockefeller  Institute  for  Medical  Research  will 
afford  opportunities  to  inspect  laboratories  unsurpassed  in  their  arrange- 
ment and  equipment  for  investigation  in  those  branches  of  medical  science 
to  which  they  are  devoted.  In  this  connection  I  may  state  that  New  York 
City  leads  the  world  in  the  application  by  its  department  of  health  of  the 
great  discoveries  of  the  last  quarter  of  a  century  in  bacteriology  to  the 
prevention  of  disease. 

Time  forbids  further  illustration  of  recent  scientific  progress  in  New 
York  City.  I  have  cited  as  examples  mainly  institutions  with  which  the 
association  will  be  brought,  during  our  meeting,  into  some  personal 
contact  through  their  hospitality,  and  they  will  suffice  to  demonstrate  the 
rapid  and  most  gratifying  development  of  higher  education  and  of  interest 
in  the  sciences  of  man  and  of  nature  in  tliis  city. 

President  Butler  in  his  opening  remarks  has  touched  upon  a  subject 
most  timely  and  important  for  the  consideration  of  such  men  and  women 
as  constitute  the  membership  of  this  association,  and  we  shall  do  well  to 
ponder  carefully  words  on  tliis  theme  coming  from  so  high  an  authority 
upon  education.  While  expressing  sympathy  \vith  the  aims  of  the  natural 
and  physical  sciences,  recognizing  their  importance  and  supporting  them, 
as  he  has  done,  he  also  expresses  the  opinion  that  science  in  the  general 
scheme  of  education  and  as  an  educational  instrument  has  not  fulfilled  the 
expectations  which  he  and  others  entertained  regarding  it  a  quarter  of  a 
century  ago.  While  it  is  not  possible  to  discuss  this  subject  adequately 
on  this  occasion,  I  may  be  permitted  to  say  a  few  words  regarding  it. 

It  is  doubtless  true  that  during  the  relatively  short  time  since  the 
natural  sciences  were  admitted  to  the  curriculum  of  a  liberal  education 
the  teaching  of  these  sciences  has  not  attained  to  that  agreement  of  opinion 
and  fixity  of  method  which  centuries  of  use  as  instruments  of  education 
have  secured  for  the  classical  languages  and  mathematics.  It  must  be 
admitted  that  methods  of  teaching  the  natural  sciences  have  often  been 
unsatisfactory  and  have,  therefore,  yielded  unsatisfactory  results.  The 
subject  is  one  for  serious  consideration,  to  which  many  of  our  teachers  are, 
I  tliink,  alive,  and  it  is  a  satisfaction  to  announce  that  the  council  at  its 
meeting  this  morning,  in  response  to  a  wide-spread  and  influential  demand, 
recommended  the  formation  of  a  new  section  of  this  association  to  be  called 
the  "section  on  education,"  which,  we  may  hope,  will  contribute  to  the 
best  methods  of  teaching  the  sciences. 
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It  may  also  be  admitted  that  exaggerated  claims  have  sometimes  been 
made  as  regards  the  position  which  the  natural  sciences  should  hold  in  the 
scheme  of  general  education  and  as  regards  the  extent  and  kind  of  mental 
discipline,  culture  and  knowledge  which,  when  pursued  in  such  a  scheme, 
they  are  capable  of  imparting.  Without  attempting  to  assign  to  these 
sciences  their  exact  share  in  a  plan  of  liberal  education — and  this  share, 
I  need  hardly  say,  I  deem  an  important  one — I  should  be  sorry  to  see 
eliminated  from  the  education  of  even  those  looking  forward  to  scientific 
pursuits  the  study  of  the  languages,  history  and  philosophy,  which  give 
a  culture  not  to  be  derived  solely  from  the  study  of  the  natural  sciences 
and  which  should  add  greatly  to  the  intellectual  pleasure,  satisfaction, 
breadth  of  vision,  and  even  efficiency  of  the  man  of  science.  Natural 
science  should  take  its  place  in  a  plan  of  liberal  education  by  the  side  of 
the  older  learning,  the  so-called  humanities;  each  affords  a  kind  of  culture 
not  to  be  obtained  from  the  other,  and  any  scheme  of  higher  education 
wiiich  does  not  recognize  the  equal  value  of  both  kinds  of  culture  is  one- 
sided. 

The  full  recognition  of  the  part  thus  assigned  to  natural  science  in  liberal 
education  requires  an  adjustment  on  the  part  of  the  exclusive  advocates 
of  the  traditional  system  handed  down  from  the  middle  ages  to  new  ideals 
of  what  constitutes  liberal  training,  but  in  this  field  science  has  won  its 
victory  and  will  not  be  dislodged.  It  is,  however,  not  enough  to  be  content 
with  this  victory.  Science  should  see  to  it  that  in  its  own  field  it  becomes 
an  instrument  of  education  certainly  not  less  powerful  than  the  older 
humanities,  and  President  Butler  has  very  properly  urged  the  need  of 
improvement  in  this  direction. 

Standing  here,  as  I  do,  as  a  representative  of  medicine  in  an  association 
devoted  to  all  the  sciences  of  nature,  the  relation  of  medicine  to  general 
science  comes  prominently  to  my  mind.  Medicine  has  been  called  the 
mother  of  the  sciences.  There  was  a  time  when  the  leading  cultivators 
of  natural  science  were  physicians  and  when  the  medical  faculties  of  univer- 
sities were  the  homes  of  about  all  the  science  that  then  existed.  In  sub- 
sequent history  physicians  have  played  no  small  part  in  the  development 
of  the  natural  and  physical  sciences.  Such  important  contributors  to 
physical  science  as  Black,  Young,  Mayer  and  Helmholtz  were  all  actively 
identified  with  the  medical  profession,  and  are  important  figures  in  the 
history  of  medicine  as  well  as  of  physics.  From  the  study  of  chemical 
and  physical  phenomena  of  living  animals  and  of  man,  whether  by  chemists, 
by  physicists  or  by  physicians,  have  come  important  additions  to  the 
sciences  of  chemistry  and  of  physics,  and  medicine  is  constantly  finding 
new  and  important  applications  of  chemical  and  physical  discoveries. 
We  realize  to-day  as  never  before  the  fundamental  unity  of  the  biological 
sciences,  and  answers  to  the  deepest  and  most  far-reaching  problems  of 
medicine,  not  less  than  of  other  biological  sciences,  are  to  be  sought  in  the 
properties  of  living  matter,  wherever  it  exists,  whether  in  plants  or  in 
animals  or  in  man. 


REPORT  OF  THE   GENERAL  SECRETARY.  62 1 

Medicine  has  during  the  past  half  century  entered  irrevocably  upon  the 
true  paths  of  science.  Dogma  and  transmitted  authority  are  no  longer 
its  guides,  but  it  seeks  for  truth  by  the  only  methods  found  fruitful  for 
all  science — experiment,  observation  and  just  inference. 

The  domain  which  has  been  opened  to  medicine  during  the  last  cjuarter 
of  a  century  by  the  introduction  of  new  methods  and  resulting  discoveries 
in  the  causation  of  infectious  diseases  has  greatly  increased  our  power 
to  cope  with  disease,  and  the  masterful  pioneers  in  this  new  field,  Pasteur 
and  Koch,  rank  among  the  greatest  benefactors  of  mankind.  The  wider 
recognition  by  governments  and  by  the  peo])le  of  the  humane,  the  economic 
and  the  social  value  of  this  power  ot  preventive  medicine  to  check  incalcu- 
lable suffering  and  waste  of  energy  from  disease,  is  urgent.  One  of  the 
most  gratifying  exemplifications  of  the  useful  functions  of  this  association 
is  the  initiation  by  the  section  on  social  and  economic  science  of  an  influ- 
ential movement  for  the  establishment  by  the  national  government  of  a 
bureau  or  department  of  public  health. 

This  leads  me,  in  closing,  to  say  a  few  words  concerning  the  scope  and 
aims  of  this  association.  Our  retiring  president,  in  his  introductory 
remarks,  spoke  of  the  great  growth  of  the  association,  which  has  more 
than  doubled  its  membership  during  the  six  years  since  we  last  met  in 
New  York.  At  its  foundation  and  for  many  years  afterwards  this  associa- 
tion supplied  all  that  was  demanded  of  a  national  society  representative 
of  the  various  natural  and  physical  sciences.  In  later  years  specialization, 
at  once  a  cause  and  a  result  of  the  great  progress  of  science,  has  led  to  the 
formation  of  many  special  scientific  societies  of  national  scope,  and  the 
end  is  not  yet  in  sight.  It  became  evident  several  years  ago  that  the 
association,  in  order  to  retain  its  usefulness,  if  not  its  life,  must  adjust 
itself  to  the  new  conditions,  and  this  it  did  by  taking  the  position  of  a 
central  organization  of  science  with  which  the  various  special  societies, 
while  remaining  autonomous,  should  become  affiliated  and  constituent 
units.  It  cannot  be  doubted  that  the  broad  conception  underlying  this 
readjustment  is  the  correct  one  and  that  its  application  has  already  been 
attended  by  a  large  measure  of  success. 

There  remain,  however,  certain  difficulties  to  be  overcome  and  certain 
problems  to  be  solved  before  this  association  shall  have  attained  that 
ideal  of  organization  and  of  usefulness  to  which  we  may  reasonably  look 
forward.  The  need  of  such  a  central,  national  organization  as  a  coordi- 
nating, unifying,  harmonizing  influence,  as  an  authoritative  representative 
and  exponent  before  the  public  of  scientific  opinion  and  of  scientific 
workers,  as  an  instrument  to  secure  cooperation  among  scientific  investi- 
gators, to  influence  public  opinion,  to  advance  the  interests  of  science 
as  a  whole  as  well  as  to  inaugurate  and  to  secure  support  for  special  scientific 
undertakings  and  lines  of  investigation,  and  as  a  means  of  securing  that 
most  desirable  purpose,  placed  first  among  the  objects  of  the  association 
in  its  constitution — "to  promote  intercourse  between  those  who  are  culti- 
vating science  in  different  parts  of  America" — the  need,  I  say,  of  a  central 
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organization  with  these  aims  and  others  which  might  be  specified,  demands, 
I  think,  a  Avider  and  deeper  appreciation  among  the  scientific  men  and 
women  of  tliis  country.  Especially  should  our  leaders  in  science  realize, 
as  many  of  them  do,  the  great  possibilities  of  usefulness  of  tliis  association 
and  work  actively  for  the  promotion  of  its  welfare.  Larger  financial 
resources  are  needed  to  perfect  the  organization  and  to  enable  the  associa- 
tion to  cultivate  more  fruitfully  the  fields  which  it  already  occupies  and 
to  enter  new  ones.  Within  the  near  future  the  membership  should  rise 
to  at  least  ten  thousand.  With  its  history  of  honorable  achievement  and 
its  present  success  this  association  may  confidently  look  forward  to  a 
future  of  greatly  increased  power  and  usefulness  for  the  advancement 
of  science. 

I  now  declare  open  this  fifty-seventh  meeting  of  the  American  Associa- 
tion for  the  Advancement  of  Science,  and  in  so  doing  I  express  the  hope 
which  our  program  indicates  to  be  indeed  an  assurance,  that  the  sessions 
and  social  functions  of  the  association,  of  the  various  sections  and  of  the 
affiliated  societies,  may  be  full  of  interest,  pleasure  and  profit  to  those  in 
attendance. 


REPORTS   OF   COMMITTEES. 
On  Electrochemistry. 

Tlirough  the  courtesy  of  the  Research  Laboratory  of  the  General 
Electric  Company,  we  were  presented  with  two  tantalum  electrodes  and 
it  has,  therefore,  not  been  necessary  to  draw  on  the  grant.  Last  year 
it  was  found  that  the  reaction  between  chlorine  and  water  in  sunlight  was 
accelerated  markedly  by  the  presence  of  iridium  and  only  very  slightly 
by  platinum.  Tliis  year  it  has  been  found  that  the  reverse  reaction, 
between  oxygen  and  aqueous  hydrochloric  acid,  does  not  take  place  to  a 
measureable  extent  in  presence  of  iridium  whereas  it  apparently  does  in 
presence  of  tantalum. 

A  hydrochloric  acid  solution,  saturated  with  chlorine  gas,  was  electro- 
lyzed,  using  an  iridium  anode  illuminated  by  an  arc  light.  No  gas  was 
given  off  at  the  anode  and  consequently  equilibrium  conditions  were 
not  reached.  The  reason  for  tliis  unexpected  result  is  apparently  that 
the  electrolyte  attacked  the  substances  which  had  been  used  to  protect 
those  portions  of  the  anode  which  were  not  exposed  to  light.  This  matter 
is  still  under  investigation. 

Wilder  D.  Banxroft, 
Edgar  F.  Smith, 
Louis  Kahlenberg. 
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On  Biological  Variation. 

The  greatest  progress  of  the  last  few  years  has  been  made  in  the  study 
of  the  classification  and  inheritance  of  variations.  It  has  become  more 
completely  realized  that  most  of  the  difTcrences  that  distinguish  two 
species  or  even  two  varieties  are  of  the  order  of  nmtations;  i.  e.,  they  are 
non-blending  characteristics  in  hybridization  and  have  probably  arisen 
suddenly,  fully  formed.  Even  in  the  case  of  apparently  graduated  char- 
acters, the  extremes  crossed  together  often  do  not  blerd,  but  behave  as 
unit  characters  and  are  inherited  in  Mendelian  fashion. 

The  part  of  the  subject  of  variation  most  in  need  of  present  investigation 
is  that  of  the  cause  of  mutations  and  their  artificial  production.  A  begin- 
ning has  been  made  in  this  sort  of  investigation,  enough  to  show  that 
important  progress  may  be  made  by  properly  directed  experimentation. 

C.  B.  Davenport, 

Recorder 

On  the  Teaching  of  Anthropology  in  America. 

To  the  Council  of  the  American  Association  for  the  Advancement  of  Science: 
Your  committee  on  the  teaching  of  anthropology  in  America  beg  to 
report  progress.  When  the  committee  was  created  some  years  ago,  few 
American  institutions  of  learning  recognized  either  the  need  or  the  nature 
of  anthropologic  teaching;  and  the  committee  engaged  in  extensive 
correspondence  with  universities  and  colleges  and  submitted  reports  to 
Section  H  and  through  the  Section  to  the  Council.  Since  the  Washington 
meeting  in  1902,  correspondence  with  educational  institutions  has  been 
intermitted  and  the  work  of  the  committee  has  been  relaxed  chiefly  because 
effort  seemed  hardly  opportune;  but  of  late  it  has  been  thought  timely 
to  renew  representations  to  educational  institutions  concerning  the  growing 
importance  of  anthropologic  teaching,  and  your  committee  plan  a  renewal 
of  correspondence  and  publication.  To  this  end,  it  is  recommended  that 
the  committee  be  continued  with  power  to  add  to  its  number. 
Respectfully  submitted, 

W  J  McGee, 

George  Grant  MacCurdy, 

Franz  Boas. 

On  Grants. 

The  committee  on  grants  of  the  A.  A.  A.  S.  begs  to  recommend  that  the 
following  grants  be  made  for  the  year  ending  December  31,  1907: 

(i)  To  the  Concilium  Bibliographicum $100.00 

(2)  To  Frederick  E.  Clements  for  aid  in  a  study  of  the  re- 
lations of  Alpine  plants  to  their  environments 100.00 
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(3)  To  J.  Arthur  Harris  for  aid  to  complete  a  statistical  in- 
vestigation of  the  influence  of  environment  on  the 
characteristics  of  organisms $100.00 

It  is  understood  by  said  committee  that  these  proposed  grants,  (2)  and 
(3),  will  be  expended  under  the  supervision  of  the  standing  "Committee 
on  the  Relations  of  Plants  to  CHmate." 
Very  respectfully  submitted, 

R.  S.  Woodward, 

Chairman. 
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Report  of  the  Treasurer. 

In  compliance  with  Article  15  of  the  Constitution,  and  by  direction  of 
the  Council,  I  have  the  honor  to  submit  the  following  report,  showing 
receipts,  disbursements,  and  disposition  of  funds  of  the  Association  for  the 
year  ending  December  31,  1906. 

Receipts  have  come  into  the  keeping  of  the  Treasurer  from  one  source 
only,  namely,  interest  on  invested  funds.  The  total  amount  of  such 
interest  is  S543.50. 

Disbursements  made  in  accordance  with  the  directions  of  the  Council 
amount  to  $100. 

The  total  amount  of  funds  of  the  Association  deposited  in  savings  banks 
and  with  the  U.  S.  Trust  Company,  and  subject  to  the  order  of  the  Treas- 
urer, December  31,  1906,  is  $16,635.40. 

The  details  of  receipts,  disbursements,  and  disposition  of  funds  are 
shown  in  the  following  itemized  statement. 

Dated  April  15,  1907. 
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The  TrEasurKr  ix  Account  with  the  American  Association  for  the 
Advancement  of  Science. 

1906.  Dr. 

Jan.     1.     To  balance  from  last  account. $16,191 .90 

Dec.  31.     To  amount  of  interest  received  from  funds  depos-  -      "  ' 
ited  in  banks,  as  follows:                                                     ."   .  .i« 
From    Cambridge    Savings    Bank,    Cam- 
bridge, Mass $38 .  27 

From  Emigrant  Industrial  Savings  Bank, 

New  York,  N .  Y 1 20. 00 

From   Metropolitan   Savings   Bank,    New 

York,  N.  Y 110.07 

From   Union  Square  Savings  Bank,  New 

York,  N.  Y .' 102.66 

From  U.  S.  Trust  Company,  New  York, 

N.  Y 172.50 

543  50 


Total $16,735.40 
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The  Treasurer  in  Account  with  the  American  Association  for  the 
Advancement  ok  Science. 

1906.  Cr. 

May    8.     By  grant   paid  to  Concilium   Biblio- 

graphicum $100.00 

Dec.  31.     By  cash  on  deposit  in  banks,  as  follows: 
In   Cambridge   Savings   Bank,    Cam- 
bridge, Mass $1,123. 16 

In  Emigrant  Industrial  Savings  Bank, 

New  York,  N.  Y 3,146.72 

In  Metropolitan  Savings  Bank,  New 

York,  N.  Y 3,019.01 

In  Union  Square  Savings  Bank,  New 

York,  NY 2,975.50 

In  U.  S.  Trust  Company,  New  York, 

N.  Y 6,172.50 

In  The  Fifth  Avenue  Bank  of  New 

York,  N.  Y 198.51 

16,635.40 


Total $16,735.40 

I  hereby  certify  that  the  foregoing  account  is  correctly  cast  and  properly 
vouched. 

Theo.  Gill, 

Atiditor. 
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L.    O.    HOWARD,    PERMANENT  SECRETARY,    IN 
TION    FOR  THE    ADVANCE- 

From  January  6,  1906  to 

Dr. 

To  balance  troni  last  account $1 2,736 .  38 

Admission  fees $2,035.00 

Annual  dues,  1906 3, 735  00 

Annual  dues,  1907 7,364.00 

Annual  dues,  previous  years 552  .00 


Associate  fees 30 .  00 

Life  membership  fees 1,350.00 

Publications $2  .  44 

Binding 14-75 

Miscellaneous  receipts 10. 16 

Interest 68 .  76 


15,066.00 


96.  II 


$27,898.49 
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ACCOUNT   WITH   THE    AMERICAN    ASSOCIA- 
MENT   OF  SCIENCE. 

January  2,  1907. 

Or. 

By  publications: 

To  publishers  Science $8,157  .09 

Vols.  54  and  55 2,967  .  05 

Authors'  extras,  announcements,  etc 432.93 


By  expenses  New  Orleans,  Ithaca  and  (part)  New 
York,  meetings: 

Secretaries  of  Sections  and  Press  Secretary.  .  .  $1,313.  50 

Programs,  clerks,  stenographers,  etc 439.51 

By  general  expenses  including  propaganda: 

Postage $1,955-37 

Express  and  telegrams 42  •  44 

Extra  clerical  help 98  ■  39 

Circulars,  forms,  stationery  and  misc 274.02 

By  salaries: 

Permanent  Secretary $1,500.00 

Assistant  Secretary 750.00 

Assistant  Secretary 1 70 .  00 

By  miscellaneous  disbursements: 

Overpaid  dues  returned 

By  balance  to  new  account 


'1 1,557   70 


i,753-Oi 


2,370.2: 


2,420 

9 

00 
00 

9,789 

19 

$27,898 

49 
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The  foregoing  account  has  been  examined  and  found  correct,  the  expendi- 
tures being  sujiported  by  proper  vouchers.  The  balance  of  $9,789.19 
is  with  tlie  following  Washington,  D.  C,  Banks: 

American  National  Bank $6,950.79 

National  Savings  and  Trust  Co 1,157  .  52 

American  Security  and  Trust  Co 1,680.  88 

ThEO.  N.  Gii.l, 

Auih'lor 
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Plate  I. 


IM.oto.  lij  i;.  i:.  M;i. 


Les  Eyzies  in  the  Background;   the  VezekE  River  on  the  Left 

(Dordogne). 


Plate  II 
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Photo,  by  G.  G.  Ma^C. 

ExTRAXCE  TO  THE  Cavern  or  Font-de-Gaume  (Dordogne). 


Plate  III. 


Polychrome  Paintixg  of  a  Bison.    Cavern  of  Font-de-Gaume  (Dordogne). 
Fourth  Phase.     jV-      (After  Capitan  and  Breuil.) 


Plate  IV. 


UxFixisHED  Polychrome  Paixtixg  of  two  Reixdeer,  showixg  how  Paixt- 

ING    WAS    COMBIXED      WITH      EnGRAVIXG.        CaVERX      OF      FoXT-DE-GaUME 

(Dordogxe).     Fourth  Phase,    is      (After  Capitax  axd  Breuii,.) 


mtta-tjce 


'"iGURE  I. — Floor  Plan  of  the  Cavern  of  Font-de-Gaume  (Dokdognej.     The  Numbers  ixdi 
CATE  THE  Position  of  the  Engravings  and  Paintings  on  the  Walls. 


i 


Figure  2. — Engraving  of  a  Bison.     Cavern  of  La  GrEze  (Dordogne). 

\.    (After  Breuil.) 


First  Phase. 


Figure  3.- Head  of  a  Horse,  drawn  ^^^TH  a  Black 
Crayon.  Cavern  of  Altamira.  First  Phase,  i 
(After  Breuil.) 


Figure  4. — Engraving  of  a  Mammoth.     Cavern  of  Les  CombarellEs  (Dordogne). 
Second  Phase,     i-      (After  Capitan  and  Breuil.) 
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